Ageing, human capital and economic growth: evidence from international data. by Leung, Chi Ping. & Chinese University of Hong Kong Graduate School. Division of Economics.
Ageing, Human Capital and Economic Growth: 
Evidence from International Data 
LEUNG Chi Ping 
A Thesis Submitted in Partial Fulfilment 
of the Requirements for the Degree of 
Master of Philosophy 
in 
Economics 
(SThe Chinese University of Hong Kong 
June 2000 
The Chinese University of Hong Kong holds the copyright of this thesis. Any person(s) 
intending to use a part or whole of the materials in the thesis in a proposed publication 
must seek copyright release from the Dean of the Graduate School. 
W T UNIVERSITY / 旁 / Ng^LIBRARY SYSTEM/^^ 
Abstract 
This thesis studies the relationship between population ageing, human capital and 
economic growth. Recent theoretical literature has argued for a positive link between life 
expectancy and human capital investment. However, not much empirical evidence has 
been presented to support this theoretical argument. Besides, a new data set of schooling 
quality has aroused the interest of studying the effect of schooling quality on economic 
growth. Therefore, the focus of this thesis is put on the effect of population ageing on 
human capital investment and on economic growth, and the effect of schooling quality 
on economic growth. In addition, the conditional convergence hypothesis is also tested. 
Both cross-sectional data and panel data are used in the study. It is found that both cross-
sectional and panel regressions consistently support the conditional convergence 
hypothesis. Schooling quality has a significant impact on economic growth. Population 
ageing has both positive and negative effects on national saving in panel regressions, but 
population ageing only has a positive effect in cross-sectional regressions. Population 
ageing has a positive impact on human capital investment and economic growth in both 




本 論 文 硏 究 人 口 老 化 ， 人 力 資 本 與 經 濟 發 展 之 關 係 。 最 近 的 理 
論 硏 究 提 出 了 預 期 壽 命 與 人 力 資 本 投 資 之 間 有 一 正 面 的 聯 綮 。 
但 直 到 目 前 馬 止 , 仍 然 没 有 太 多 賞 證 證 攄 去 支 持 上 述 的 理 論 結 
果 。 另 一 方 面 ， 新 的 教 肓 賀 素 數 據 亦 引 起 了 硏 究 教 肓 賀 素 對 經 
濟 發 展 之 影 • 的 與 趣 。 所 以 ， 本 文 的 焦 點 是 人 口 老 化 對 人 力 資 
本 投 資 及 對 經 濟 發 展 之 影 響 ， 及 教 肓 質 素 對 經 濟 發 展 之 影 響 。 
除此之外， c o n d i t i o n a l convergence hypothesis亦會被領！！試。在本文中， 
c r o s s - s e c t i o n a l及 p a n e l數攄皆會被使用。本文發現 c r o s s - s e c t i o n a l以及 
p a n e l回歸的結巢皆一致地支持 c ondi t ional convergence。教肓貿素對經 
濟 發 展 有 重 要 的 影 響 。 在 P a n e l 回 歸 中 � 人 口 老 化 對 國 家 儲 蓄 有 
正 面 及 負 面 的 影 響 ， 但 在 C r o s s - s e c t i o n a l回歸中�人口老化就只有正 
面的影饗 0在 c r o s s - s e c t i o n a l及 p a n e l回歸中�人口老化對人力資本投 
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1. Introduction 
Population ageing is a combined result of fertility decline and mortality decline. 
Decrease in mortality rate means an increase in life expectancy. People make most of 
their human capital investment, such as education and on-the-job training, when they are 
young. When people become older, they will spend less time on human capital 
investment. Recent theoretical literature, such as Ehrlich and Lui (1991), Croix and 
Licandro (1999), and Hu (1999), has argued for a positive link between life expectancy 
and human capital investment. If people can live longer, they will invest more in human 
capital because they can have more lifetime to enjoy the benefit from more human 
capital investment. Moreover, when one's probability of dying at the young age is low, 
the discount ratio is also low. Therefore, the individual is likely to spend more time on 
accumulating human capital. Furthermore, a longer life expectancy also means a lower 
depreciation rate for human capital, which leads to more human capital invested over 
one's lifetime. In addition, since individuals can invest in their children's human capital 
as a kind of old-age insurance, a longer life expectancy also increases one's investment 
to the next generations' human capital. Based on the recent research, human capital 
investment is a main engine for economic growth. Consequently, the ageing of 
population leads to economic growth. On the other hand, if we expect ourselves to live 
longer，we will smooth out our consumption by spending less during our young and 
productive time, and leave more for our old age consumption. Therefore, population 
ageing encourages individual or households' saving in this aspect. An increase in saving 
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lowers the cost of capital, increases the ease of investment in the productive area, and 
thus contributes to economic growth. 
A new data set of schooling quality has aroused the interest of studying the effect of 
schooling quality to economic growth. In the past literature, the measurements of the 
quantity of schooling, such as the school enrollment ratios, are widely used as the proxy 
for human capital. However, other than the quantity of schooling, the quality of 
schooling is also important in determining a country's level of human capital. With the 
help of the new data set, the effects of different measurements of schooling quality on 
economic growth are studied. 
Both cross-sectional data and panel data are used in this study. Cross-sectional data has 
the advantage that it can reduce the business cycle fluctuations that cannot be modeled 
by the regression model. Moreover, it does not require high frequency of the data. Even 
if there are some missing values of certain years, average values over a certain period 
can also be obtained. On the other hand, panel data has certain advantages over cross-
sectional data. Panel data can take care of the time series variations within countries in 
which cross-sectional data cannot. Moreover, the use of panel data can increase the 
number of observations. The use of both cross-sectional and panel data can provide a 
more comprehensive view over the relationship between ageing, human capital and 
growth. 
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This thesis is going to be an empirical cross-country study. It will focus on the 
relationship between longevity and human capital investment and their effects on 
economic growth measured as per capita income growth, using a new data set from the 
World Bank as well as Barro and Lee. Moreover, the effect of schooling quality on 
economic growth will be discussed. In addition, the conditional convergence of per 
capita income hypothesis will also be tested by using the new data set. 
The followings are the overview of the remaining parts of this thesis. Section 2 is the 
literature review with four sub-sections. Section 2.1 reviews the literature concerning 
population and economic growth. Section 2.2 is the literature review on human capital 
and economic growth. Section 2.3 reviews the literature on population ageing and 
demographic transition. Section 2.4 is the summary of results in the literature, the 
objective of this thesis as well as the hypotheses that will be tested in the empirical part. 
Section 3 is the description of data used in the empirical study. The empirical 
specifications, estimation results and analysis are presented in Section 4. It is divided 
into two sub-sections. Section 4.1 is cross-sectional regressions and Section 4.2 is panel 
data regressions. Finally, conclusion is provided in Section 5. 
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2. Literature Review 
2.1 Review of Literature on Population and Economic Growth 
The classical model, which refers to the Malthusian theory of population in which 
growth in food production is determined exogeiiously, is first used by economists to 
study the problem concerning population and growth. Under the model setting, 
population has the tendency to increase geometrically, but the food production only has 
the tendency to increase arithmetically. Population growth must adjust to the growth of 
food production since people cannot survive without food. Consequently, per capita 
income is trapped at a low level. However, results predicted from the classical model are 
not consistent with the empirical findings. The neo-classical model takes population 
growth to be exogenous and the per capita economic growth rate depends solely on the 
rate of technological growth, which is exogenous to the model. Following the neo-
classical model, there are two branches of studies'. One treats population growth to be 
endogenous and shows the importance of micro factors in economic and population 
growth. The relationship between economic growth and population growth is shown to 
be a complex outcome of factors such as the demand for children, and the tradeoff 
between the quality and quantity of children. On the other hand，economic growth is still 
considered exogenous as it is in the neo-classical model. Another one treats both 
economic and population growth to be endogenous within a unified model". Both the 
‘ S e e Ehrlich and Lui (1997) 
"Yip and Zhang (1996. 1997) 
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economic growth and population growth are determined by initial conditions and basic 
parameters of the model. 
Rosenzweig (1990) indicates that in many cross-country analyses, income is negatively 
related to fertility rate but positively related to human capital. However, these aggregate 
relationships cannot show clearly the determinants of these variables. Micro data can 
help in this aspect. Evidence presented in the paper supports the fundamental proposition 
of the trade off between quality and quantity of children. The author argues that "the 
empirical foundation for understanding the role of fertility and population growth in 
economic development through understanding household behavior is still in primitive 
state" (P.S68). 
Kelly and Schmidt (1995) indicate that recent empirical studies fail to find consistently 
statistically significant association between per capita income growth and population 
growth. They decompose the net population growth into birth, death, and labor force 
growth components. In the 60s and 70s, although the effects from the three components 
are sizable, the net effect is nil. However, in the 80s, short-term costs of high birth rates 
increase especially in low development countries. Together with a decreasing effect of 
mortality declines, the net effect becomes negative, overcoming the positive effect of 
past births on current growth of labor force. The authors conclude that population 
growth brings both positive and negative effects on economic growth, and these effects 
change over time. 
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Yip and Zhang (1996) try to reconsider the relationship between economic growth and 
population growth by taking both of them to be endogenous. An endogenous growth 
model with endogenous fertility is then set up. A negative relationship between 
population growth and economic growth is found when all exogenous variables are 
controlled. If some of the exogenous variables are not controlled, the relationship 
between the two becomes ambiguous. The authors suggest that some missing 
unobserved variables may account for the differences of findings in the literature. 
Yip and Zhang (1997) extend their work by studying the dynamics and indeterminacy of 
equilibria, using a simple model of endogenous growth with endogenous fertility. The 
model leads to two kinds of equilibrium situations. One is the globally determinate 
unique equilibrium. The other is the two balanced growth path (BGP) equilibria: one is 
determinate and the other is indeterminate. When all exogenous variables are controlled, 
all equilibria lead to neo-Malthusian relationship between fertility and growth, that is, an 
inverse relationship between the two. Otherwise, the indeterminate BGP equilibrium 
may lead to anti-neo-Malthusian relationship of the two. 
To sum up, although previous researchers tried to explain the relationship between 
population growth and economic growth, no clear conclusion has been made so for. 
Recent literature considers both population growth and economic growth to be 
endogenous. However, through which channels do the two interact with each other is 
still an issue that need fbrther research. Moreover, the role of mortality or longevity in 
affecting population growth is often ignored (except Ehrlich and Lui (1991)). 
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2.2 Review of Literature on Human Capital and Economic Growth 
111 neoclassical growth models, one of the main assumptions is the diminishing returns to 
capital. This assumption then becomes the foundation of convergence hypothesis. One 
should be noted that "convergence" here means p-convergence, which is the negative 
relationship between levels of per capita income and per capita income growth rate. It 
should be distingished from a-convergence, which is the reduction in the degree of 
dispersion of per capita income across countries over time. 
The p-convergence hypothesis does not receive much empirical support until the 
evidence presented by Barro (1991). l ie regresses the growth rate of per capita GDP in 
the period 1960-85 on the initial level of GDI) and other explanatory variables. Using 
school-enrollment rate at the secondary and primary levels in 1960 as proxies of initial 
human capital, he finds a strong negative relationship between initial per capita income 
and per capita income growth. We call this conditional P-convergence.^ Using school-
enrollment rate at 1960 has a problem that it may be proxying for the flow of human 
capital investment rather than the stock of human capital. This problem affects the result 
of causation. Therefore, the author tries to use the school-enrollment rate in 1950. 
However, the data in 1950 is less accurate. Barro also tries to measure the effect of the 
quality of education by using the student-teacher ratios in 1960. It shows student-teacher 
3 However, Fukuda and Toya (1994) mention that in East Asian countries, difference in school-enrollment 
rate can not solely lead to the convergence phenomenon. Exports is important in explaining the 
convergence hypothesis as well. 
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ratio in primary school is negatively related to growth which is consistent with the view 
on the quality of education is negatively related to the student-teacher ratio. However, 
student-teacher ratio in secondary school shows its effect may be insignificant. He then 
makes use of the adult literacy ratio in 1960 to proxy for human capital. The result is 
difficult to interpret when the school enrollment ratio is also included. Besides, the 
literacy ratio is likely to be less accurate than the school enrollment ratio. In order to 
exanimate the relationship between growth and investment, and the relationship between 
growth and fertility, the author regresses investment and fertility on a set of exogenous 
variables. This analysis treats growth, investment and fertility to be endogenous 
variables. Government expenditures, political instability and market distortions relate 
negatively with growth. Dummies for African and Latin American countries are found 
negatively significant, meaning that some regularities are missing from the model. 
Moreover, the two dummies also reduce the magnitude of the proxy for human capital, 
meaning that the original proxy is not good enough.^ 
Levine and Renelt (1992) analyze the literature on cross-country growth regressions and 
find that most of the results in the existing studies are fragile. They use a variant of the 
extreme bound analysis (EBA) by Learner (1983) to test the robustness of coefficients of 
the variables of interest. Their EBA use equations of the form 
� ' = P i I + p ,„M+pzZ + w 
)丨ong this line of research by Barro, Zhang and Zhang (1999) show that social security has a positive 
- enect on growth through reducing fertility and increasing human capital after controlling for various 
economic and political phenomena similar to those in Barro (1991). 
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where Yis either the per capita GDP growth rate or the share of investment to GDP, I is 
the set of variables always included in the regression, M is the variable of interest and Z 
is a subset of variables chosen from a pool of important expanatory variables identified 
in the past literature. Pm is robust if it remains significant and of the same sign at the 
extreme bounds. Otherwise, it is fragile. They find positive and robust correlations 
between growth and share of investment and between share of trade and share of 
investment, negative and robust correlation between growth and initial income level in 
the period 1960-89, when human capital is included as an expanatory variable. However, 
except the above, a large variety of trade policy indicators, fiscal indicators, economic 
indicators and political indicators are not robustly correlated with growth or investment 
share. 
Glomm and Ravikiimar (1992) present an endogenous growth model where the engine 
of growth is the schooling aspect of human capital investment. They then compare the 
effects of public schooling and private schooling on income inequality and economic 
,growth. Their findings show that public education helps more in cutting income 
inequality than private education. Moreover, an economy with lower income inequality 
will have a higher per capita income in the future. Therefore, the public education 
regime will yield a higher per capita income in the future if the initial income inequality 
in the economy is sufficiently large. 
Another interesting issue is the speed of convergence of per capita income. Many studies 
‘ have shown that the speed of convergence is about 2% per year. Sala-i-Martin (1994) 
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notes that this speed of convergence is particularly low. There are two important 
implications. One is that capital should be much higher than the observed value in order 
to generate a lower convergence speed. Therefore, capital should be interpreted in a 
broader sense in the neoclassical models, including human or other forms of capital. The 
other one is that the policies in these models should have long-lasting effects. 
Glaeser (1994) uses a simple decomposition technique from the labor economics 
literature to analyze the relationship between economic growth and schooling. It is found 
that economic growth is associated with schooling as well as the growth of schooling. 
This relationship can be interpreted as the linkage that current schooling will facilitate 
future schooling, which is consistent with the theory by Becker and Murphy (1992)^ 
Tallman and Wang (1994) present a case study of the economic growth in Taiwan in the 
past few decades. Labor quality indices are constructed by using attainment levels of 
primary, secondary and tertiary education. Their result shows that incorporating these 
indices of labor quality in labor input can help in improving the performance of the 
growth model. This finding supports the theory that labor quality is important in 
determining total labor input. They also indicate some problems in cross-counrty study 
such as the data measurement problem and the failure of incorporating country specific 
factors in determinating economic growth. 
5 Becker and Murphy (1992) state that sectors with higher human capital will grow faster such that the 
inequality in the distribution of human capital will increase over time. 
< 
10 
Manushek and Kim (1995) highlight the importance of schooling quality to economic 
growth. They use international test scores in mathematics and science as an indicator for 
schooling quality as well as the quality of labor force. Their results show that one 
standard deviation increase in mathematics and science skill can result in one percentage 
point increase of average annual real per capita growth. This effect in annual growth is 
larger than that can be obtained from over eight years of average schooling (Hanushek 
and Kim (1995), pp.34). 
By using international achievement test scores as a measurement of human capital, Lee 
and Lee (1995) reinvestigate the impact of human capital on economic growth. There 
are certain advantages in using achievement test score as a proxy for human capital 
stock. Achievement test score has been proved as a good predictor for worker's 
competence and productivity. Moreover, it can also reflect worker's ability of learning. 
All these help the achievement test score to become a good indicator for human capital. 
Their results are consistent with the past literature that initial human capital stock has 
positive contribution to growth and physical investment ratio, but has negative effect on 
the fertility rate. Moreover, their findings also support the conditional convergence 
hypothesis. More importantly, a suitable school curriculum and good teaching method 
are likely to be the factors behind good performance of students in achievement tests. 
Therefore, the use of achievement score in the study indicates the possibility of non-
economic factors such as school curriculum and teaching method as the main 
determinant of economic growth. 
< 
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O'Neill (1995) decomposes the variation of income into three components, quantity 
effect and price effect of human capital, and a residual component in order to analyze 
the effect of human capital on the income growth. For the developed countries and the 
European countries, the quantity effect of education explains the convergence pattern in 
these countries. Although the price effect of education shows opposite effect, it is 
dominated by the quantity effect. For less developed countries and the world as a whole, 
the price effect dominates the quantity effect, such that the incomes diverge. Capital 
stock has little effect on income variation across countries. He suggests that recent 
technological progress in production has increased the demand for high-skilled labor as 
well as the return to education. It makes the countries with initially high human capital 
can gain more in the future human capital investment, thus, increase the variance of 
human capital across the countries. This price effect in turn will increase the inequality 
of income across the countries. 
Daron (1996) shows that in an economy where searching cost in labor market is high, 
the rate of return of human capital investment can be increasing at the average level of 
human capital in the economy. The statement holds even if all the production functions 
in the economy are constant returns to scale. This social increasing returns in human 
capital accumulation is achieved through the interactions of the firms and the workers 
when each party determines the level of physical capital investment or human capital 
investment respectively. The result explains many phenomena created by human capital 
externalities. 
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Barro and Lee (1997) estimate the determinants of schooling quality by using a panel 
data set complied by themselves. They consider the international test scores, repeater 
rates and dropout rates as schooling quality output. The schooling quality input is 
divided into family factor and resources of school. GDP per capita and education level 
of adults are used to reflect the family factors. In addition, pupil-teacher ratio, salaries of 
teachers, educational expenditure per pupil and the length of school date are used to 
reflect school resources. Their results indicate the importance of family background and 
school resources in improving the schooling quality. 
Zhang (1999) presents an endogenous growth model with two sectors, education sector 
and production sector. Countries converge through a two dimensional adjustment 
mechanism, with adjustments in both income inequality and the ratio of saving to human 
capital. Result shows that income inequality will have negative effects on both income 
growth and physical capital growth, but will have an ambigious effect on human capital 
growth in the transitional equilibrium. Moreover, the model can also generate the 2% 
rate of convergence found in many empirical studies. 
To conclude, one main point comes into the agreement in the literature is the role of 
human capital in promoting economic growth. Empirical results show that the inclusion 
of a proxy for human capital is the key for explaining the convergence hypothesis of per 
capita income, such as Barro (1991), Levine and Renelt (1992), Sala-i-Marlin (1994), 
O'Neill (1995) and Tamura (1996). Moreover, there is a growing literature emphasizing 
the importance of quality of education or schooling when proxying for the stock of 
< 
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human capital. International tests scores are often used in reflecting the quality of 
education, such as Hanushek and Kim (1995), Lee and Lee (1995), and Barro and Lee 
(1997). Furthermore, the determinants of schooling quality have also been studied by 
Barro and Lee (1997). They find that family background and school resources are 
important determinants of schooling quality. 
2.3 Review of Literature on Population Ageing and Demographic Transition 
Preston (1975) presents evidence, which shows the contribution of economic factors to 
the increase in life expectancy in the 20"�century. Focus is being put on the relationship 
between national income and mortality, or life expectancy. He studies and compares the 
relationship between life expectancy and per capita income in the 1930s and 1960s. His 
results show that this relationship has shifted upwards in that period, meaning that there 
is a general trend of rising life expectancy. This growth in life expectancy is mainly due 
to factors that are exogenous to the economic growth in both more developed and less 
developed countries. Per capita income growth only accounts for 10-25 per cent of the 
growth in life expectancy. However, per capita income is still a critical determinant of 
mortality level. .. 
Mirer (1980) examines the saving and dissaving behavior of the retired aged and finds 
that they do not dissave as fast as the prediction from the simple life-cycle theory. 
Furthermore, by using a variety of the historical U.S. data sets and a new methodological 
approach, Kotlikoff and Summers (1981) directly estimate the contribution of 
i 
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intergenerational transfers and life-cycle saving to aggregate capital accumulation in the 
U.S. They find that intergenerational transfers contribute mainly to the accumulation of 
aggregate capital. On the other hand, life-cycle saving only contributes a negligible 
fraction to capital accumulation. The authors conclude that models in which capital is 
accumulated through life-cycle saving should give way to models that emphasize the 
importance of intergenerational transfers. 
Moreover, Torrey (1982) suggests in the United States, population ageing is likely to 
create a powerful fiscal interest group, such that the share of federal government 
expenditure will increase in the future. Similarly, Halter and Hemming (19S7) estimate 
that demographic trend of an ageing population implies an increase in the proportion of 
retired population. The trend will increase the expenditure on social security pensions 
and thus, raising the social security tax rates. In addition, in some of the countries being 
studied, the raise in social security tax rates seems to be unsupportable. By using 
equilibrium model in which unions attach greater weight to the older worker, Pissarides 
(1989) shows that population ageing reduces the unemployment rate as well as wage 
rates of both young and old workers. 
Auerbach，Kotlikoff, Hagemann and Nicoletti (1989) modify the model by Auerbach 
and Kotlikoff (1987) to incorporate bequest behavior, technological change, 
international trade, and the endogeneity of government expenditure. They simulate the 
general equilibrium effect of the projected demographic changes in four of the OECD 
countries. Their results show demographic transition would significantly affect the 
i 
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national saving, real wages and current account by affecting private saving and labor 
supply. National saving would generally decline in all four countries in the long run. 
Real wage will be expected to rise，such that the burden of an ageing population can be 
lessened. 
Cutler, Poterba, Sheiner and Summers (1990) suggest that demographic changes in the 
United States are likely to reduce living standard through the increasing dependence 
ratio. Also, the changes are likely to reduce the share of physical investment in national 
output through the slowing population growth, and are likely to increase the share of 
working population through the decreasing children population share. Moreover, they 
suggest that demographic changes increase wealth in the short run, and increase foreign 
capital investment, but reduce the rate of return lo saving. Therefore, the effects of 
demographic changes on economic performance as well as national savings are 
uncertain. 
Masson and Tryon (1990) suggest that the ageing of population will reduce savings rates 
as long as the elderly will dissave after retirement. Then, they simulate the effect of 
population ageing by assuming that population ageing will reduce saving rates, reduce 
labor supply and increase government expenditure. Their results show population ageing 
will increase real interest rates and decrease capital stock as well as real output. 
Ehrlich and Lui (1991) employ a combination of self-interest and altruism as the 
motivating force of economic growth, and treat human capital as the engine of growth in 
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an overlapping-generations endogenous growth model. Parents support their children not 
only because of mutual care, but also for the future old-age support. The paper divides 
one generation into three periods, childhood, adulthood and old age.6 Therefore, there 
are two kinds of longevity to be studied, young-age and old-age. Theoretical result 
shows that both young-age and old-age longevity have a positive impact on the growth 
rate. Moreover, young-age longevity has a negative effect on fertility rate but old-age 
longevity has no effect on fertility rate. In addition, the elasticity of growth rate with 
respect to yoimg-age longevity is larger than that with respect to old-age longevity. 
Although the causality problem is still unsolved, the paper provides a channel thai 
population ageing can positively affect economic growth. 
Lee and Lin (1994) suggest that both old age and young age dependency burdens can 
slow economic growth by increasing the demand for the public services. Therefore, 
population growth in high-income countries can positively affect the economic growth 
through reducing the old age dependency burden. Regression result shows demographic 
variables, such as the dependency rates at old age and young age, population size and 
population density, not only affect economic growth, but also the size of government. 
Hu (1995) suggests that population ageing can become a burden to the cconomy 
especially through social security systems. Moreover, ageing of population can 
significantly affect various macroeconomic variables. Intertemporal optimizing models 
with age heterogeneity, endogenous productivity growth, exogenous work hour decision 
6 Ehrlich and Lui (1998) also use this set up to study the effect of a defined-benefits PAYG social security 
‘ system on economic growth. 
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and both endogenous arid exogenous retirement decision are built to computationally 
study the effect of population ageing on the macroeconomic equilibrium. The results 
show population ageing increases the growth rate of output. Moreover, ageing also 
improves the welfare of the economy especially when retirement decision is 
endogenous. He also notes that retirement decision is highly sensitive to changes in 
demographics and productivity growth. 
Borsch-Supan (1996) indicates that the proportion of older people is expected to 
increase rapidly in the OECD countries. From a micro point of view, when an individual 
is getting older, his saving rates, productivity and consumption all change. In addition, 
from a macro point of view, population ageing means a declining ratio of workers to 
consumers. It will increase the labor wage rate relative to capital interest rate, and reduce 
the incentive to save if the interest elasticity of saving is positive. Moreover, population 
ageing means a diminishing in the size of labor force. According to diminishing returns 
to scale, some of the capital may be no longer in use, making further capital 
accumulation less attractive. This will also lead to a reduction in saving. However, based 
on household survey evidence, population ageing is likely to increase the saving rates 
rather than decrease the saying rates because the saving of the elderly is generally 
positive. 
Tamura (1996) establishes a dynamic general equilibrium model, which generates two 
growth regimes (a Malthiisian one and a perpetual one). The model also features 
conditional income convergence within each regime such that a demographic transition 
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to economic growth is modelled. These features of the model is originated from a 
conditional external effect of human capital in the human capital investment sector and 
an increasing rate of return to human capital. 
Dahan and Tsiddon (1998) build a growth model with endogenous fertility to study the 
effect of demographic transition to economic growth. There are two main elements of 
this dynamic model. Parents with higher education will have higher net return to 
education of their children, and the children's costs of rising are measured as parents' 
forgone earning. The difference of net return to education conies from capital market 
imperfections and companion of the parents and their children. The results of the model 
are two phases of development. In the first phase, both fertility and inequality increase. 
In the second phase, both of them decrease. 
Croix and Licandro (1999) develop an overlapping generations model with uncertain 
lifetime and endogenous growth. Their model shows that an increase in life expectancy 
will increase the length of lime an individual devoted to schooling. However, an increase 
in life expectancy will also increase the average age of the working population. The first 
impact of life expectancy on growth is positive but the second effect of life expectancy 
on growth is negative. Numerical computations show that the positive effect of life 
expectancy dominates only when life expectancy is below a certain threshold, or 
discount rate is above a certain threshold. Therefore, the authors suggest that a positive 
effect of life expectancy on growth should be observed in countries with relatively low 
< 
19 
life expectancy, but the effect could be negative in countries in relatively high life 
expectancy. 
Fougere and Merette (1999) study the long run impact of population ageing using an 
endogenous growth model in which the economic growth is generated by the 
accumulation of both physical and human capital. Their results show that population 
ageing would encourage future generation to invest more in human capital. Therefore, 
economic growth can be increased because of the increase in human capital investment. 
They also predict that there would be a reallocation from investment in physical capital 
to investment in human capital. The national saving rates may fall due to this 
reallocation. 
Hu (1999) extends the analysis of Lucas (1988) by adding a feature that each agent is 
faced with a positive but constant conditional probability of death each year. The author 
shows population ageing can encourage human capital accumulation and increase the 
long run growth rate of income. Moreover, the population ageing will induce a fall in the 
support ratio, which is the ratio of the effective labor force to the effective number of 
consumers. However, this fall in the support ratio will only affect the aggregate 
consumption negatively. 
Previous literature has shown the ageing of population has a significant impact on the 
economy. In the household or individual level, the increase in one's life expectancy or 
longevity have several effects on the economy. It increases the length of time an 
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individual devoted to his human capital investment. When one's probability of dying at 
the young age is low, the discount ratio is also low such that the individual is likely to 
spend more time in school and start working later. In addition, a longer life expectancy 
also means a lower depreciation rate for human capital, which leads to more human 
capital invested over one's lifetime (Croix and Licandro (1999), and Hu (1999)). 
Moreover, longer life expectancy also increases one's investment to the next generations' 
human capital. Individuals are likely to invest more in their children's human capital as a 
kind of old-age insurance when they expect themselves to live longer (Ehrlich and Lui 
(1991)). Therefore, population ageing driven by the increasing life expectancy of 
individuals can increase the growth rate of per capita income (Ehrlich and Lui (1991), 
and Hu (1999)). At least, it increases income growth in countries with relatively low life 
expectancy (Croix and Licandro (1999)). On the contrary, Croix and Licandro (1999) 
also suggest that increase in life expectancy have a negative effect on growth because of 
the increasing average age of the working population, especially in countries with 
relatively high life expectancy. 
On the other hand, many studies focus on the effects of population ageing as a 
demographic trend in the economy. For example, it tends to increase government 
expenditure (Torrey (1982)) as well as social security pensions expenditure and social 
security taxes (Halter and Hemming (1987)). It also reduces physical investment (Cutler, 
Poterba, Sheiner and Summers (1990), and Masson and Tryon (1990)). Besides, it helps 
to reduce unemployment (Pissarides (1989)), and increase human capital investment 
(Fougere and Merette (1999)). According to the simulation results of Fougere and 
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Merette (1999), population ageing decreases the real return to physical capital, which 
induce a reallocation from physical capital to human capital. Moreover, it decreases the 
after-tax real wages in the short run, which leads to a change in the investment profile 
across generations, resulting in an increase of human capital investment of the younger 
generations. 
However, there exist conflicting views on the effect of population on savings rate. 
Auerbach, Kotlikoff, Hagemann and Nicoletti (1989), Masson and Tryon (1990), and 
Fougere and Merette (1999) all suggest national savings will fall when population ages. 
However, Borsch-Supan (1996) suggests that population ageing can increase savings 
rate because the aged actually saves positively rather than dissaves according to 
household survey evidence. On the other hand, the effect of ageing on savings may also 
be uncertain to the economy (Cutler, Poterba, Sheiner and Summers (1990)). Therefore, 
the effect of ageing on the savings rate is still an unsolved issue. 
Many studies indicate that the impacts from population ageing are negative on economic 
performance, such as Masson and Tryon (1990). However, these studies have not put the 
impacts of decreasing mortality or increasing longevity to the accumulation of human 
capital into consideration. When taking into account this factor, population ageing can 
have a positive impact on economic growth. Furthermore, a positive link between 
population ageing and economic growth can also be built when the retirement decision is 
endogenous (Hu (1995)). Therefore, this thesis is going to test empirically whether 
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population ageing has a positive impact on human capital accumulation and economic 
growth. 
2.4 Summary of Results, Objective and Hypotheses 
Before going to the empirical work, it is important to round up the findings discussed in 
the literature review concerning population ageing, human capital and economic growth. 
i. Kelly and Schmidt (1995) present evidence supporting that population growth has both 
positive and negative effect on economic growth. The positive effect of population 
growth on economic growth comes from the growth of the labor force. The negative 
effect originates from the social burden on high birlh rate. Moreover, Yip and Zhang 
(1996, 1997) have developed theoretical models supporting the hypothesis. The 
relationship between population growth and economic growth becomes ambiguous when 
some of the exogenous variables are not controlled. 
ii. Barro (1991) and many other studies followed such as Levine and Renelt (1992), 
Sala-i-Martin (1994), Barro and Sala-i-Martin (1995), O'Neill (1995) and Tamura (1996) 
present evidence supporting the well-known conditional convergence hypothesis. 
iii. Glomm and Ravikumar (1992) propose that public education helps more in 
promoting economic growth than private education. Their theoretical model suggests 
that public education can reduce income inequality more than private education. The 
‘ economy grows faster with a lower income inequality. 
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iv. Glaeser (1994) suggests that both schooling and the growth rate of schooling are 
likely to improve economic growth. He further explains that a higher level of current 
schooling implies a higher level of future schooling. 
V. Hanushek and Kim (1995), and Lee and Lee (1995) provide evidence supporting that 
other than the quantity of schooling, schooling quality is also a vital determinant in 
economic growth. 
vi. Preston (1975) presents evidence supporting the fundamental hypothesis that a higher 
level of per capita income which reflects a higher level of health, helps in increasing life 
expectancy. 
vii. Torrey (1982) proposes that if population ageing can increase government 
expenditure through the inference of an expanding retired interest group, government 
expenditure can no longer be considered exogenous. 
viii. Aiierbach, Kotlikoff, Hagemann and Nicoletti (1989), Cutler, Poterba, Sheiner and 
Summers (1990), Masson and Tryon (1990), and Fougere and Merelte (1999) all support 
that population ageing has negative effect on national savings rale. National savings is 
reduced through a higher dependency ratio and a lower rate of return of physical capital 
relative to that of human capital if population ageing can promote human capital 
investment. However, Borsch-Supan (1996) suggests a different view based on 
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household survey evidence that population ageing can increase savings rate because the 
aged saves positive amount rather than dissaves after retirement. 
ix. Ehrlich and Lui (1991) establish an overlapping-generalions model and suggest that 
longer longevity can improve economic growth through higher human capital 
investment. Endogenous growth models by Croix and Licandro (1999), Fougere and 
Merette (1999) and Hu (1999) all support that life expectancy has positive impact on 
human capital investment, which in turn promotes economic growth. However, not 
much evidence has been found empirically to support this hypothesis especially for the 
positive effect of life expectancy on human capital investment. Although the variable 
"life expectancy" is often included in growth regressions, it is interpreted as a proxy for 
the healthy level of the labor force. 
Based on the above discussion, the following hypotheses can be prresented. The target 
of this thesis is to test these hypotheses empirically 
Hypothesis 1: Higher initial per capita income implies a lower per capita income growth 
in the future when the stock of human capital is controlled. 
Hypothesis 2: Schooling quality is an important determinant of economic growth. 




Hypothesis 4: Life expectancy has a positive impact on human capital investment, which 
in turn promotes economic growth. 
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3. Data Description 
This study uses three different data sets. These include the well known cross-country 
data set of Barro (1991), World Data (1995) by the World Bank, and a data set of 
educational attainment and educational quality by Barro and Lee (1996, 1997). 
World Data (1995) includes more than 200 countries and contains more than 720 time 
series indicators for national accounts, balance of payments, international finance, trade, 
social，government and public sector finance, and external debt data. It covers from 1960 
to 1994, with debt projections to the year 2003. Variables used in the empirical study of 
panel data come from this data set. 
The data set from Barro and Lee (1996，1997) contains two subsets of data. One is a data 
set on educational attainment at various levels for the male and female populations. The 
data set includes estimates of educational attainment for the population by age (over age 
15 and over age 25) for 126 countries in the world. Data is presented quinquennially for 
the years 1960-1990. ^ They divide the schooling attainment into seven classifications: 
no formal education, incomplete primary, complete primary, first cycle of secondary, 
second cycle of secondary, incomplete higher, and complete higher. Another one 
contains data of schooling quality in a cross-section of counlries. This sub data set 
contains the data that Barro and Lee have compiled to measure educational quality 
across countries. This includes data on the measures of schooling inputs at five-year 
‘ 7 See Barro and Lee (19%) 
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intervals from I960 to 1990, such as the pupil-teacher ratio, spending per pupil as a 
fraction of per capita GDP, average salaries of teachers to per capita GDP. The data set 
also contains the measures of schooling output, such as the fraction of repeaters in 
primary and secondary school, and the average test scores for the students of the 
different age groups for various subjects.芭 
. 8 Please refer to the menu of the data set and see Barro and Lee (1997) for more detailed explanation and 
sources of data. 
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4. Empirical Specifications, Estimation Results and Analysis 
The empirical study contains two parts. The first part is the analysis of the cross-
sectional data, and the panel data will be analyzed in the second part. 
4.1 Cross-sectional Regressions 
This section investigates the effect of various schooling variables to economic growth. 
The effects of ageing to human capital investment and to physical capital investment are 
also studied. The schooling variables used here include both quantity and quality 
variables. Schooling quantity variables include the gross enrollment ratios at primary 
and secondary school, and the average years of primary, secondary, and tertiary 
schooling, as well as the average total years of schooling. The gross enrollment ratios 
are from Barro (1991). In addition, another set of gross enrollment ratios from World 
Data (1995) is used for comparison. The variables of the average years of schooling are 
from Barro and Lee (1996). 
Various proxies for the schooling quality are used. They include pupil-teacher ratios, 
real government educational expenditure per pupil, its ratio lo real per capita GDP, 
average real salary of teachers, its ratio to real per capita GDP, number of school days 
and school hours per year, repetition rates and drop-out rate. All the schooling quality 
variables are from Barro and Lee (1997). Most of these variables measure the 
educational resources in a country. Pupil-teacher ratios at both primary and secondary 
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schools are used. A lower pupil-teacher ratio may reflect more schooling resources and a 
higher teaching quality. Both primary and secondary public schooling expenditures are 
utilized. A higher public educational expenditure per pupil means a larger amount of 
social resources is injected into the educational system and a higher schooling quality is 
expected. The use of its ratio to per capita GDP is to adjust for the difference in the 
living standard across countries. However, both of the measurements cannot take private 
educational expenditure into account. Average salary of teacher also reflects the amount 
of schooling resources. A higher teacher's salary may attract more people with good 
teaching ability to join the teaching careers and thus, increase the schooling quality. Its 
ratio to per capita GDP is used to adjust for difference in living standard across 
countries. Both school days and school hours per year measure the length of educational 
time per year. Of course, more educational resources are needed to lengthen schooling 
time. A longer educational time may result in belter learning of students. Therefore, 
schooling quality is increased. The last four variables, teacher's salary, it ratios to GDP, 
school days and hours, are only available at the primary school level. 
The above measurements of schooling resources reflect the input of schooling. The last 
two variables, repetition rates and drop-out rate, actually do not measure schooling 
resources. They are considered as the output of schooling, especially reflecting the 
quality of schooling. If more students need to repeat or drop-out, the schooling quality 
cannot be good. A higher repetition rate or drop-out rate means more students are not 
qualified to promote to next level of study. This means these students have not received 
enough amount of schooling. Thus, a higher repetition rate or drop-out rate reflects a 
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lower schooling quality. This statement only holds if the promotion standards are nearly 
the same across countries. However, this may not be true. If high repetition rate or drop-
OL丨t rate is due to high standard of promotion, the high repetition rate or drop-out may 
reflect a high schooling quality instead. 
Besides these proxies for human capital stock, other explanatory variables are also 
included in the regressions. The growth regressions are in the form: 
(Growth)i = oco + ai (initial income); + a � (government consumption)! 
+ ct3 (political instability)! + a4 (market distortions)! 
+ as (ageing variables); + ae (initial human capital stock)i + Cj 
i = 1，...，N 
"Growth" is the average annual per capita GDP growth rate in the periods 1960-85 and 
1970-85. "Initial income" is the real per capita GDP in the year 1960 or 1970. 
"Government consumption" is the ratio of real government consumption nei of spending 
oil defense and on education to real GDP, averages from 1970 to 1985. It is expected to 
have negative effect on economic growth. As many other previous studied have stated, a 
higher government consumption implies a higher degree of government interventions to 
the market, and thus, slow-down the growth of economy. Of course, expenditure on 
national defense can help in protecting the property rights of citizens and educational 
expenditure can contribute in human capital investment. Therefore, both of them are 
excluded. Two indices for political instability are used. They are the number of 
revolutions and coups per year in the period 1960-85, and the number of assassinations 
‘ per million populations per year in the period 1960-85. A higher degree of political 
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instability is expected to have negative effect on growth because it is likely to 
discourage investment and other economic activities. There is one index for market 
distortions. It is the magnitude of deviation of PPP value for the investment deflator 
from the sample mean. A higher degree of market distortions is likely to adversely affect 
growth. The above model specifications and data follow Barro (1991). Ageing variables 
include the average log of life expectancy at birth between 1967-87 and the average ratio 
of population of age 65 or above to total population between 1970-85. Both ageing 
variables are extracted from World Table (1995). According to previous literature, both 
ageing variables can have positive effect on growth through human capital investment. 
Proxies for human capital stock are the schooling variables mentioned before. Simple 
OLS is used as the estimation method in this section. 
Table 1 presents the basic statistics for the variables used. The simple correlations 
between schooling variables and ageing variables are also presented in Table 2. Results 
for the regressions are presented in Table 3.1-3.9. The adjusted R? is included as a 
measurement of goodness-of-fit. Two model selection criteria are reported. SC and AIC 
refer to Schwarz (1978) criterion and Akaike (1974) information criterion respectively. 
Breusch-Pagan-Godfrey test (B-P-G test) (see Breusch and Pagan (1979) and Godfrey 
(1978)) is chosen as the test lor heteroscedasticity . It is a kind of Lagrange multiplier 
test. The B-P-G test is used to test whether the error variance is related lo the set of 
independent variables included in the regression. For example in Equation 1’ the test 
statistic is 11.368. Under the null hypothesis of homoscedasticity, this has the chi-square 
‘ ‘ A l s o see Judge, Griffiths, Hill and Lee (1980), The Theory and Practice of Econometrics, pp. 146-7 
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distribution with degree of freedom equals to the number of independent variables in the 
regression. Thus, ^7(0.05) = 14.0671 >11.368. Therefore, the B-P-G test accepts the null 
hypothesis of homoscedasticity at 5 percent level of significance. In all 84 equations in 
Tables 3.1-3.8, none of the test statistics rejects the null hypothesis of homoscedasticity 
at the 5 percent level of significance. Therefore, the problem of heterscedasticity is not 
serious in the cross-sectional regressions. 
Equations 1-17 in Table 3.1 use the average growth rate of the period 1960-85 as 
dependent variable. While the others use the average growth rate of the period 1970-85 
as dependent variable. Equation 1 repeats the work by Barro (1991) by using primary 
and secondary enrollment ratios as proxies for human capital stock. It yields similar 
result with Barro. Both primary and secondary enrollment ratios turn out to be 
significantly positive. However, one of the political instability indicators 
"assassinations" is found to be insignificant. In addition, the market distortion index is 
not as significant as it is stated in Barro (1991). It turns out to be only marginally 
significant (t-ratio = -1.665). Besides using enrollment ratios as proxy of human capital 
stock，a more appropriate measurement, average schooling years of the working age 
population, is used. The average total schooling year of population over age 25 in the 
year 1960 is included in Equation 2 as proxy of initial human capital stock. Results show 
that it is significantly positive (coefficient = 0.00512, t-ratio = 5.009), and initial income 
is significantly negative, which is consistent with the conditional convergence 
hypothesis. Then, total schooling years is divided into three variables, primary, 
‘ secondary and tertiary schooling years. They enter the growth regression in Equation 3. 
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Both primary and secondary schooling years turn out to be significantly positive. 
Although, tertiary schooling years is not significant, a joint test of the three schooling 
years yields an F-statistic of 8.493, meaning the three schooling variables are jointly 
positively significant. 
The pupil-teacher ratios enter the growth regressions in Equations 4 and 5. It turns out 
that the primary pupil-teacher ratio in 1960 is significantly negative. With an inclusion 
of schooling quantity measurement "total schooling years", primary pupil-teacher ratio 
ill 1960 is negatively significant with coefficient equals to -0.03642 (-1.962). It is 
consistent with the prediction that higher pupil-teacher ratio leads to a lower schooling 
quality and human capital stock. However, secondary pupil-teacher ratio turns out to be 
marginally positive significant. A join test of both pupil-teacher ratios only yields an F-
statistic of 2.94. When "total schooling years" is excluded, the join test of both pupil-
teacher ratios shows that they are jointly significant, with an F-statistic of 6.008. In 
addition, primary pupil-teacher ratio is still significant, with coefficient larger than that 
in Equation 4 (coefficient = -0.06285). Although secondary pupil-teacher ratio is 
marginally significant (t-ratio = 1.726), a join test indicate that primary and secondary 
pupil-teacher ratios are jointly significant, with F-statistic equals 6.0079. 
Government educational expenditure per pupil in 1960 enters the growth regressions in 
Equations 6 and 7. With the inclusion of total schooling years, educational expenditure 
per pupil in primary school is positively significant with coefficient equals to 0.03377 
(2-654), but that in secondary school is not significant. A join test indicates that they are 
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jointly significant, with an F-statistic of 3.5399. This result is consistent with the 
prediction that higher public educational expenditure can stimulate human capital 
investment and thus promote economic growth. When total schooling year is excluded, 
primary expenditure is still positively significant with a coefficient of 0.0381 1 (2.653). 
However, the coefficient of secondary expenditure becomes negatively significant which 
equals -0.01315 (-2.92). A join test yields an F-statistic of 6.0178. The finding in 
secondary expenditure is quite puzzling. 
Besides using public educational expenditure per pupil in 1960, the ratios of public 
educational expenditure per pupil to GDP per capita in 1960 are also used. Results are 
quite similar with those with public educational expenditure per pupil. Primary 
expenditure to GDP is positively significant in both Equation 8 (with total schooling 
years) and Equation 9 (without total schooling years), with coefficients equal 0.9303 
(2.251) and 0.09161 (2.254) respectively. The finding in secondary expenditure to GDP 
is again, puzzling. It is insignificant in equation with total schooling years, but is 
significantly negative in equation without schooling years. Its coefficient is -0.00618, 
and t-ratio is -2.315. The F-statistics of join tests in Equations 8 and 9 are 2.565 and 3.43 
respectively. � 
Average salary of primary school teachers in 1960 is also used lo proxy for schooling 
quality. However, it is only marginally significant in Equation 10 when total schooling 
years is included. Moreover, teacher's salary is not significant at all when total schooling 
years is excluded in Equation 11. Ratio of average salary of primary teachers to per 
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capita GDP is used in Equations 12 and 13. The result is quite discouraging. Teacher's 
salary to GDP turns out to be insignificant in both equations, with and without total 
schooling year. 
The number of school days per year at primary school enters the growth regression in 
Equations 14 and 15. It is found that "school days per year" does not have significant 
effect on growth. The situation is similar with that of school hours per year. The 
coefficient of school hours per year is statistically insignificant in both Equations 16 and 
17. 
Growth regressions in Equations 18 to 39 in Table 3.2 use the average growth rate of per 
capita income in the period 1970 to 1985 as dependent variable. This set of result has 
certain similarity with the set using growth in the period 1960-85. However, there are 
certain differences, which is quite interesting. 
The enrollment ratios in 1970 are used in Equations 18 and 19 in Table 3.2. The 
difference between Equations 18 and 19 is that Equation 18 uses data of enrollment 
ratios from Barro (1991), while Equation 19 uses data of enrollment ratios from the 
World Table (1995). Results in the two equations are similar. In Equations 18 and 19， 
primary enrollment ratio is found insignificant, but secondary enrollment ratio is 
significant, with coefficients equal 0.04746 (3.681) and 0.05046 (3.362) respectively. 
This result is different from that obtained in Equation 1, where both enrollment ratios are 
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significant. The enrollment ratios are jointly significant in both Equations 18 and 19’ 
with F-statistics of 10.73 and 6.76 respectively. 
Total schooling years in 1970 is found significant in Equation 20 in Table 3.2, with 
coefficient equals to 0.00488 (3.618). It is similar with that obtained in Equation 2 in 
Table 3.1, with a slight decrease in significance. Primary, secondary and tertiary 
schooling years in 1970 enter the growth regression simultaneously in Equation 21. Only 
primary schooling years is found significant (coefficient = 0.00494, t-ratio = 2.603). The 
coefficient of secondary schooling years is marginally significant, while that of tertiary 
schooling years is not significant at all. The three variables are jointly significant, with 
an F-statistic of 4.54. When comparing this result of 1970-set with that of 1960-set, the 
significance of both primary and secondary schooling years decrease from 1960 to 1970， 
as well as the joint significance of all three schooling years. 
Equations 22 and 23 study the effect of pupil-teacher ratios in 1970 to growth in 1970 to 
1985. Both primary and secondary pupil-teacher ratios are not significant in the present 
of total schooling years，but primary pupil-teacher ratio is negatively significant in the 
absent of total schooling years (coefficient = -0.06356, t-ratio = -2.57). A decrease in 
significance is observed when comparing this result with those in Equations 4 and 5 in 
Table 3.1, where primary pupil-teacher ratio is significant in both equations. Moreover, 
a join test for both pupil-teacher ratios in Equation 23 shows that they are jointly 
significant, with an F-statistic of 3.311. 
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Similar with Equations 6 to 9 in Table 3.1, primary expenditure in 1970 and primary 
expenditure to GDI) in 1970 are found significant in Equations 24 to 27, with or without 
total schooling years. The coefficient of primary expenditure in the present of total 
schooling years is 0.01598 (2.502). When total schooling years is absent, its coefficient 
becomes 0.01687 (2.452). For primary expenditure to GDP, its coefficient is 0.13002 
(2.555) in the present of total schooling years, and is 0.09603 (2.089) when total 
schooling years is absent. For secondary expenditure in 1970 and secondary expenditure 
to GDP in 1970，the coefficients are statistically insignificant in all four equations. This 
result is not as puzzling as that obtained in Equations 7 and 9. A join test for both 
primary and secondary expenditure in Equation 24 yields an F-statistic of 3.229, 
showing that they are jointly significant. Similar result is also obtained in Equation 25， 
where the F-statistic is 3.518. For primary and secondary expenditure to GDP, the F-
statistic for the join test in Equation 26 is 3.317, indicating they are jointly significant. 
However, primary and secondary expenditure to GDP is not jointly significant in 
Equation 27. 
For teacher's salary in 1970 and its ratio to per capita GDP, the results are also similar 
with that obtained previously. Equations 28 to 31 show both teacher's salary and 
teacher's salary to GDP are not significantly related to economic growth. However, for 




As it is shown in Equations 32 to 35，both school days per year in 1970 and school hours 
per year in 1970 are insignificantly related to growth. This result is consistent with the 
finding in Equations 14 to 17, where school days per year in 1960 and school hours per 
year in 1960 are also insignificant. 
Primary and secondary repetition rates in 1970 and drop-out rate in 1970 are studied in 
Equations 36 to 39. Due to data limitation, they are not included in the previous 
regression of growth from 1960 to 1985. Primary repetition rate is found marginally 
significant (coefficient = -0.07932, t-ratio = -1.58) with the present of total schooling 
years, and it is found significant (coefficient = -0.1084，t-ratio = -2.348) with the absent 
of total schooling years. On the other hand, secondary repetition rate is not significant in 
both equations. However, join test shows both repetition rates are jointly significant 
when total schooling years is absent, with an F-statistic of 4.757. Drop-out rate is only 
significant (coefficient = -0.02401, t-ratio 二 -2.23) when total schooling years is 
excluded. If total schooling years is present, drop-out rale is no longer significant. 
The effect of population ageing to growth in the period 1970-85 is studied in Equations 
40 to 53 in Table 3.3. Two ageing variables, the average of log of life expectancy at 
birth and the average ratio of population of age 65 or over to total population enter the 
growth regressions together with the human capital proxies which are found significant 
with growth in the previous equations. Both ageing variables are found to have certain 
degree of significance with growth in Equations 40 to 53. Moreover, the inclusions of 
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ageing variables decrease the significance of some of the schooling variables. These will 
be discussed in the following paragraph. 
Both Equations 40 and 41 study the effects of primary and secondary enrollment ratios 
to growth when ageing variables are present. The difference between the two equations 
is that they use different data of enrollment ratios. Secondary enrollment ratios are no 
longer significant in Equations 40 and 41 when ageing variables are included. Besides, 
both log of life expectancy and aged population ratio are marginally significant 
(coefficients = 0.03586, 0.15966，and t-ratios = 1.702, 1.646) in Equation 40, and they 
are significant (coefficients 二 0.08325，0.20822, and t-ratios = 3.075, 1.943) in Equation 
41. 
Total schooling years in 1970 continues to be significant in the growth regression with 
ageing variables in Equation 42. Its coefficient is 0.00316 (1.925), which decreases 
slightly when compared with that in Equation 20. Its t-ratio is also smaller than that in 
Equation 20. Log of life expectancy is marginally significant with a coefficient of 
0.03487 (1.765). Aged population ratio is significant with a coefficient of 0.19613 
(2.258). In Equation 43, only secondary schooling years is marginally significant with 
coefficient equals to 0.00963 (1.745). Tertiary schooling years continues to be 
insignificant, but primary schooling years changes from significant in Equation 21 to 
insignificant in Equation 43, with the inclusion of ageing variables. The three enrollment 
ratios are also not jointly significant. Log of life expectancy is again, only marginally 
t 
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significant, where coefficient equals 0.03443 (1.67). Also, aged population ratio is 
significantly positive, with coefficient equals 0.19994 (2.207). 
Ill the equations including pupil-teacher ratios, only primary pupil-teacher ratio in 
Equation 45 (with ageing variables but without total schooling years) is marginally 
significant (coefficient = -0.0376，t-ratio = -1.577). Primary pupil-teacher ratio in 
Equation 44 (with ageing variables and total schooling years) is insignificant. Moreover, 
secondary pupil-teacher ratio in both equations is insignificant also. In addition, both 
pupil-teacher ratios are not jointly significant in both equations. For the ageing variables, 
aged population ratio is significant in both equations (coefficients = 0.19199, 0.21138, 
and t-ratios = 2.072, 2.33). However, log of life expectancy is only significant in 
Equation 45, and its coefficient equals 0.04748 (2.708). 
Public expenditure on primary education per pupil continues to be significantly related 
with growth in Equation 46 and 47，as it is found in Equation 26 and 27. The coefficients 
here are 0.02315 (2.328) and 0.02511 (2.543) in Equation 46 and 47 respectively. These 
values are similar with those obtained in Equations 26 and 27. Public expenditure on 
secondary education is found insignificant as before. Join tests of significance of both 
expenditures yield F-statistics of 2.72 and 3.23 respectively. When total schooling years 
enters the growth regression in Equation 46, both ageing variables are only marginally 
significant. Coefficient of log of life expectancy is 0.04212 (1.732), and coefficient of 
aged population ratio is 0.18159 (1.798). However, both ageing variables become 
significant in Equation 47, when total schooling years is excluded. Their coefficients are 
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0.06706 (3.247) and 0.20205 (2.065) for log of life expectancy and aged population ratio 
respectively. 
The significance of primary expenditure to GDP is affected by the inclusion of ageing 
variables. The coefficients of primary expenditure to GDP are 0.11056 (1.913) and 
0.08011 (1.74)，and they are marginally significant in Equations 48 and 49 respectively. 
They are significant in Equation 26 and 27 when ageing variables are excluded. 
Secondary expenditure to GDP continues to be insignificant in both equations. Join tests 
show that primary and secondary expenditure to GDP is not jointly significant. Ageing 
variables are significant when total schooling years is excluded. In Equation 49, 
coefficient of log of life expectancy is 0.07125 (3.457). That of aged population ratio is 
0.20462 (2.042). However, when total schooling years is included, only aged population 
ratio is marginally significant, and its coefficient equals 0.16357 (1.59). 
Equations 50 and 51 study the effect of repetition rates in 1970 to growth in 1970-85 
when ageing variables are included. Both primary and secondary repetition rates are 
insignificant in the present of ageing variables. Although the coefficients of both 
repetition rates are insignificant, their sign are all negative as expected. For ageing 
variables, only log of life expectancy in Equation 51, where total schooling years is 
absent, is significant. Its coefficient equals 0.0659 (1.969). The drop-out rate in 1970 is 
also insignificantly related to growth as it is shown in Equations 52 and 53. However, 
the sign of the coefficients for drop-out rates are negative as it is expected. Both log of 
life expectancy and aged population ratio are significant in equation without total 
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schooling years, and their coefficients equal 0.05024 (2.718) and 0.21583 (2.25) 
respectively. With the inclusion of total schooling years, only aged population ratio is 
marginally significant (coefficient = 0.16849, t-ratio = 1.69). 
To sum up the effect of schooling to economic growth, some of the schooling measures 
are found to significantly related to growth, but some are not. More accurately, 
schooling years, public educational expenditure and its ratio to GDP are found lo have 
significant effect on economic growth. Enrollment ratios, pupil-teacher ratios, repetition 
rates and drop-out rates can have significant effect on economic growth in some cases. 
Teacher's salary, its ratio to GDP, school days and school hours are most likely to be 
insignificantly related to growth. 
Both primary and secondary enrollment ratios are significantly related to growth in the 
1960 regression as it is shown by Barro (1991). However, primary enrollment ratio is no 
longer significant in the 1970 regression. Although both enrollment ratios are jointly 
significant, they are insignificant in the 1970 regression with ageing variables. 
Total schooling years is significant in all 1960 regressions, and is significant in most of 
the 1970 regressions, except for regression 36. In regressions with ageing variables, total 
schooling years remains to be marginally significant in most of the regressions. When 
total schooling years is decomposed into primary, secondary and tertiary schooling 
years，they are jointly significant in both the 1960 regression and 1970 regression, but 
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insignificant in 1970 regression with ageing variables. The high explanatory power of 
total schooling years indicates that it is a good measure for human capital stock. 
Public educational expenditure per pupil is another variable that found to be consistently 
significant across regressions. To be specific, both primary and secondary expenditures 
are jointly significant in all six equations, except for Equation 46 where they are 
marginal significant. Moreover, primary public expenditure is consistently significant in 
regressions. Using its ratio to GDP yields similar results. This suggest that government 
expenditure on education, especially on primary education, can promote economic 
growth through the improvement in schooling quality and accumulation of human 
capital. 
Government expenditure, excluding educational and defensive expenditure, to GDP is 
consistently negatively significant across all growth regressions. This result is consistent 
with previous study that higher government expenditure has negative effe':‘‘ on growth. 
Two measurements for political instability, number of revolutions and coups, and 
number of assassinations, are used in the growth regressions. Only the number of 
revolutions and coups is found consistently negative across all regressions and is 
significant in most of the regressions. Moreover, the index for market distortions is only 
negatively significant in some of the regressions. 
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Based on the hypothesis discussed previously that ageing can promote economic through 
human capital investment, the effect of ageing variables to human capital investment is 
studied in Equations 54 to 59 in Table 3.4. The regressions are in the form: 
(Human capital investment)! = oto + a ! (initial income); + a i (government consumption)! 
+ a3 (political instability)! + ot4 (market distortions); 
+ as (ageing variables)! + a6 (initial human capital stock)i + ei 
i = 1，."，N 
The average of the school enrollment ratio is used in order to proxy for the human 
capital investment. Specifications of other variables are the same as that in growth 
regressions. Ageing variables are expected to have positive effect on human capital 
investment as it is stated in Hypothesis 4. Moreover, initial human capital stock is likely 
to affect human capital investment positively because current schooling will facilitate 
future schooling. 
Equations 54 and 55 use enrollment ratios average over the period 1960-85 at primary 
and secondary school respectively as dependent variables. It is shown that log of life 
expectancy is significantly positive in both equations. Its coefficient in Equation 54 is 
0.98853 (7.37), and that in Equation 55 is 0.43061 (3.888). Aged population ratio is also 
significant in Equation 55, with coefficient equals 1.9788 (4.277). Total schooling years 
is used as a measurement for initial human capital stock, and is found significant in 
Equation 55, with a coefficient of 0.0361 (3.996). 
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The average enrollment ratios in the period 1970-85 are also used as dependent variables 
in Equations 56 to 59. Two sets of enrollment ratios, by Barro (1991) and by World 
Table (1995), are used. Log of life expectancy is significant in all four equations, and 
aged population ratio is significant in Equations 57 and 59. The coefficients of log of life 
expectancy are 0.8735 (5.969), 0.47973 (4.163), 0.98293 (5.717) and 0.50069 (4.054) in 
Equations 56, 57，58 and 59 respectively. Aged population ratio has coefficients of 
1.9154 (3.81) and 1.8261 (3.885) in Equations 57 and 59 respectively. The result is 
consistent with the hypothesis that ageing can help in the accumulation of human 
capital. Moreover, total schooling years is significant in both regressions of secondary 
enrollment ratio. The coefficients of total schooling years in Equations 57 and 59 are 
0.04475 (4.714) and 0.04358 (4.757) respectively. It is consistent with the hypothesis 
that current level of schooling can facilitate future schooling. 
The effect of growth determinants to physical investment is studied in Equations 60 to 
67 in Table 3.5 and that to fertility is studied in Equations 68 to 75 in Table 3.6. The 
regressions are in the form: 
(Investment (or fertility))! = oto + oti (initial income)i + 似(government consumption)； 
+ a-i (political instability)! + 0,4 (market distortions)； 
+ as (ageing variables)； + a6 (initial human capital stock)i + 
i = 1,...,N 
Investment refers to the average ratio of private investment to real GDP over the period 
1960-85 or 1970-85. Two sets of data are used for investment, from Barro (1991) and 
World Table (1995). Fertility means net fertility, that is per woman number of children 
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who live beyond the age of four, and it is average over the period 1965-85 for the data 
from Barro (1991). For the data from the World Table (1995), fertility is per woman 
number of children beyond the age of one, and it is average over the period 1967-87. For 
the investment regression, both political instability and market distortions are expect to 
adversely affect investment. According to Hypothesis 3, the effect of ageing to savings 
brings both positive and negative effects. If we consider investment here as a proxy for 
savings, the sign of coefficients of ageing variables are uncertain. For the regression of 
fertility, ageing variables are supposed to be negatively related to fertility. In addition, 
initial human capital stock is also supposed to have negative effect on fertility. Well 
educated people are expected to have better knowledge of contraception and family 
planning, thus lower the fertility rate. 
Equations 60 and 61 in Table 3.5 use average investment ratio over the periods 1960-85 
as dependent variables. Number of revolutions and coups and index for market 
distortions are significantly negatively related to investment. On the other hand, initial 
total schooling years is positively significant. The inclusion of ageing variables 
decreases the significance of certain variables. Moreover, log of life (-xpectancy is 
significantly positive. Equations 62 and 63 repeat the work of Equations 60 and 61 by 
using another set of investment ratio. The result is similar except that index for market 
distortions and the total schooling years are no long significant. Equations 64 to 67 
repeat the work of the previous four regressions by using investment ratio of a later 
period, 1970-85. Results are similar except that the significance of total schooling years 
has decreased. Log of life expectancy continues to be significant in Equations 65 and 67. 
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Regressions for fertility are presented in Equations 68 to 75 in Table 3.6. Equations 68 
and 69 use average net fertility from Barro (1991) as dependent variable. It is found that 
government consumption, revolutions and coups, and total school years are significant in 
Equation 68，with government consumption and revolutions and coups are significantly 
positive, and total schooling years is significantly negative. Total schooling years 
continues to remain significant when ageing variables are included in Equation 69. Both 
ageing variables are significantly negative. Similar results are obtained when average net 
fertility from World Bank (1995) is used as dependent variable in Equations 70 and 71. 
The above four regressions are repeated in Equations 72 to 75 by using initial per capita 
income and initial total schooling years in 1970 instead of that in 1960 in Equations 68 
to 71. Total schooling years is significantly negative in all four Equations, from 
Equations 72 to 75. In addition, both ageing variables are significantly negative in 
Equations 73 and 75. However, other variables are found insignificant except initial per 
capita income in Equation 74. 
Three regional dummies enter the growth regressions in Equations 76 to 78 in Table 3.7. 
They are siib-Saharan African dummy, East Asian dummy and Latin American dummy. 
This specification of regional dummies follows Barro and Sala-i-Martin (1995). The 
inclusion of regional dummies is to capture the possible common economic and non-
economic characteristics among countries within the same region, if these characteristics 
really exist. The choice of the three regions is because their economic performances are 
particularly well or particularly worse. Therefore, if the original model has already 
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captured enough growth determinants, the regional dummies should turn out to be 
insignificant. The study of Barro and Sala-i-Martin show that the dummy for Latin 
America is significantly negative, the dummy for sub-Saharan Africa is marginally 
significantly negative and the dummy for East Asia is insignificant. The results 
presented here are consistent with the findings of Barro and Sala-i-Martin. 
Equation 76 extends the model setting in Equation 2, where the endogenous variable is 
the average growth from 1960-85, by including the three regional dummies. The sizes of 
coefficients as well as the significance levels of the explanatory variables do not change 
much. Among the three regional dummies, only dummy of East Asia turn out lo be 
insignificant. Sub-Saharan African and Latin American dummies are both significantly 
negative with coefficients equal to -0.01251 (-2.705) and -0.01183 (-3.273) respectively. 
Equation 77 is the extension of Equation 20 where average growth from 1970-85 is the 
dependent variable. The results of other explanatory variables in Equation 77 are very 
similar to those in Equation 20. Sub-Saharan African dummy continues to be 
significantly negative with a coefficient of -0.01971 (-3.251). The dummy of Latin 
America is also significant. Its coefficient is -0.01947 (-4.052). That of East Asian 
dummy is insignificant. Equation 78 follows the setting in Equation 42 with both of the 
ageing variables, life expectancy and aged population ratio. The regression results in 
Equation 78 are similar to those in Equation 42 except the aged population ratio 
becomes insignificant in Equation 78. Sub-Saharan African dummy is only marginally 
significant with coefficient equals to -0.01111 (-1.624). That of Latin American dummy 
t 
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is -0.01854 (-3.208), which is significantly positive. East Asian dummy is still 
insignificant. 
Regression results of regional dummies show growth behaviors are not fully captured by 
the explanatory variables used in the basic regression for sub-Saharan Africa and Latin 
America countries. However, as it is stated by Barro and Sala-i-Martin, the interpretation 
of regional dummies are problematic because they are endogenous with growth. As it is 
mentioned before, the choice of the three regions is due to the face that their economic 
performances are out of researchers' expectation. 
The full sample is divided into two sub-samples by their initial level of real per capita 
GDP in Equations 79 to 84 in Table 3.8. Countries with initial per capita income over 
$1500i() are included in the rich countries sample. Otherwise, they are included in the 
poor countries sample. It is interesting to see how initial income, initial human capital 
stock and ageing variables behave differently in rich and poor countries samples growth 
regressions. 
Equation 79 and 80 use the same set up as Equation 2. The coefficient of initial income 
of rich countries sample is -0.00733 (-4.084), which is smaller than that of poor 
countries sample (-0.01237 (-1.7^5)) in absolute terms. Moreover, the coefficient of 
initial human capital of rich countries sample (0.00323 (2.486)) is smaller than thai of 
The choice of $1500 as the division point between rich and poor countries is for convenience. In 
‘ addition, it approximately cut the full sample into two equal parts for both of the 1960-85 growth 
regressions and 1970-85 growth regressions. 
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poor countries sample (0.00829 (4.313)). In Equations 81 and 82, where the model 
settings are identical to that of Equation 20, the coefficient of initial per capita income is 
-0.00587 (-2.988) in rich countries sample and is -0.00249 (-0.187) in poor countries 
sample. The coefficients of initial human capital stock in rich and poor countries 
samples are 0.00365 (2.209) and 0.00788 (2.43) respectively. As in Equation 42, ageing 
variables enter the growth regressions in Equations 83 and 84. Coefficient of initial 
income in rich countries sample is -0.00863 (-3.817), and that in poor countries sample 
is -0.00476 (-0.3148). For initial human capital, the coefficient in rich and poor countries 
samples are 0.00205 (1.011) and 0.00705 (1.886) respectively. The coefficient of life 
expectancy in rich countries sample (0.03389 (0.7098)) is larger than that in poor 
countries sample (0.00431 (0.1024)). For another ageing variable, aged population ratio, 
its coefficient in rich countries sample (0.22503 (2.07)) is smaller than that in poor 
countries sample (1.2768 (1.787)). 
Equations 85 and 86 repeat the regressions in Equations 83 and 84 with countries of per 
capita income above $1000 included in the rich sample and below $1000 included in the 
poor sample. This value for division is identical to that of O'Neill (1995). The coefficient 
for life expectancy in the rich sample (0.0195 (0.4868)) is larger than that in the poor 
sample (0.01535 (0.2642)). However, the coefficient for aged population ratio in the rich 
sample (0.24015 ((2.457)) is smaller than that in the poor sample (1.0658 ((0.9851)). 
The findings here are similar with the finding in Equations 83 and 84. 
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In Table 3.9, the regression results of human capital with rich and poor countries 
samples are presented. Equations 87 and 88 follow the set up in Equation 57 in Table 
3.4. The coefficient for life expectancy is larger in the rich sample (0.46518 ((1.505)) 
than ill the poor sample (0.0208 (0.08744)). However, that for aged population is smaller 
in the rich sample (1.9381 ((3.029)) than in the poor sample (7.0165 ((1.735)). In 
Equations 89 and 90 which follow the set up in Equation 59 in Table 3.4, the coefficient 
for life expectancy in the rich sample (0.48314 (1.62)) is larger than that in the poor 
sample (-0.1021 ((-0.3027)). For aged population ratio, coefficient in the rich sample 
(1.7968 (3.437)) is smaller than that in the poor sample (8.7934 (1.962)). The results are 
similar when Equations 87 to 90 are repeated by using a different level of per capita 
GDP ($1000) as cutting point for the rich and poor samples in Equations 91 to 94. In 
Equations 91 and 92, the coefficient for life expectancy is larger in the rich sample 
(0.33843 (1.147)) than in the poor sample (0.00129 (0.00703)). The coefficient for life 
expectancy in Equations 93 and 94 is also larger in the rich sample (0.33028 (1.079)) 
than ill the poor sample (0.01995 (0.05398)). For aged population ratio, its coefficients 
are smaller in the rich sample than in the poor sample in both sets of equations. The 
coefficients are 2.0237 (3.058), 6.9664 (2.037), 1.9036 (3.255) and 7.6981 f] .489) in the 
Equations 91, 92, 93 and 94 respectively. 
Regression results in Equations 79 to 94 show in the period 1960-85, the speed of 
convergence is likely to be higher within poor countries than in rich countries. However, 
in the period 1970-85, the speed of convergence is likely to be higher within rich 
countries than in poor countries. Moreover, the initial human capital stock has a more 
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pronounced effect on future growth in poor countries than in rich countries. It is likely 
that a longer life expectancy would have a more positive effect on growth and human 
capital in the rich countries than in the poor countries. However, a higher aged 
population ratio would have a more positive effect on growth and human capital in the 
poor countries than in the rich countries. 
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4.2 Panel Regressions 
Growth regression models used in the panel data analysis are in the form: 
(Growth)it = ao + oti (real per capita income)it 
+ 062 (ratio of government consumption to income)ii 
+ a3 (growth rate of the terms of trade)it 
+ ou (human capital stock)it + as (demographic variables)ii + £ii 
i = 1,...,68 t = l , . . . , 4 
Gross primary school enrollment ratio and / or gross secondary school enrollment ratio 
are used as the proxy for human capital. Demographic variables include population size, 
population growth rate, log of life expectancy, aged population ratio, dependency ratio, 
crude death rate and infant mortality rate. 
The variables "real per capita income" and "human capital stock" are used to indicate the 
initial condition of an economy. A country with higher initial per capita income tends to 
grow slower than a country with lower initial per capita income, given that the two 
countries have the same initial human capital stock. This is the well-known convergence 
hypothesis supported by Barro (1991) and many other researchers in the literature. 
Therefore, the coefficient of real per capita income is expected to have a negative sign. 
According to many growth models in the literature, human capital is often considered as 
an important engine of growth. The coefficient of human capital stock is expected to 
have a positive sign in this sense. However, using enrollment ratios to proxy for the 
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human capital slock may have the problem that they may actually proxy for human 
capital investment, rather than the stock of human capital. 
A higher ratio of government consumption to income means a higher level of 
government intervention and higher level of market distortion, which are harmful to 
economic growth. Consequently, the coefficient is expected to be negative. 
The growth rate of terms of trade indicates a country's gain from international trade. It is 
used in the growth regression of Barro and Sala-i-Martin (1995). They show that the 
growth rate of terms of trade is significantly positively related to economic growth. 
Therefore, the coefficient of growth rate of terms of trade is expected to be positive here 
as well. 
The ageing variables are expected to have positive effect on economic growth. 
Population ageing originates from either increasing life expectancy or decreasing 
fertility can have positive effect on human capital investment. The two variables, "life 
expectancy" and "ratio of old age population" are expected to enter the growth 
regression positively. 
Demographic variables such as crude death rate and infant mortality rate are used to 
proxy for the health level of the working population. A higher health level of the 
working population means a higher human capital stock or productivity of the working 
population, and thus, increases the economic growth rate. Therefore, the coefficients of 
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crude death rate and infant mortality rate are expected to be negative. Dependency ratio 
is expected to have a negative effect on growth. A higher dependency ratio can put 
more burdens on the society, resulting in a slower economic growth. The effect of 
population size and population growth on economic growth is quite uncertain. High 
population growth can be a burden to the society. However, it also guarantees a high 
ratio of future working age population, which has positive effect on economic growth. 
Table 4 lists the basic statistics for the variables used and Tables 5.1-5.8 show the 
regression results. The panel data set includes 68 countries and 4 time periods, 1977-78, 
1978-79, 1979-80 and 1980-81. Therefore, there are a total of 272 observations. The 
data set is extracted from World Table 1995 of the World Bank. All the regressions use 
the pooling technique described in Kmenta (1986), section 12.2, pp.616-25 and Buse R^ 
from Buse (1973) is reported as a measure of goodness-of-fit. The pooling technique and 
the formula for Buse R are reported in Appendix 2. 
Real per capita GDP is found significantly negatively related to economic growth in all 
regressions. This result is consistent with convergence hypothesis in the literature that 
high-income countries tend to grow slower than low-income countries, after controlled 
for the level of human capital. 
The ratio of government consumption to GDP is insignificant in all of the regressions. 
t 
This result is different from those obtained in previous literature. The main reason is that 
the definition of government consumption here does not exclude government < 
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expenditure on education and national defense. This difference in definition of 
government consumption is due to the limitation of data in this study. Results in this 
study show a higher government expenditure to GDP has ambiguous effect on economic 
growth, where government expenditure includes expenditure on education and national 
defense, which are likely to have positive effect on growth. 
The growth rate of the terms of trade turns out to have a significant and positive effect 
on economic growth in all of the regressions. This is consistent with the result of Barro 
and Sala-i-Martin (1995, Ch.l2, pp.435) where the growth rate of terms of trade is 
positively significantly related to economic growth. 
Due to data limitation, the gross primary school enrollment ratio and the gross secondary 
school enrollment ratio are used as proxy of human capital stock. Equations 1, 2 and 3 in 
Table 5.1 show the growth regressions without any demographic variables. The three 
equations use primary school enrollment ratio and/or secondary school enrollment ratio. 
Both enrollment ratios are found to have a positive and significant effect on economic 
growth. 
The basic equation is shown in Equation 1 of Table 5.1. Real per capita income is 
significantly negative with coefficient of -0.00193 (-3.355). (The numbers in the 
parentheses are t-ratios.) The growth rate of term of trade is significantly positively 
related to growth with a coefficient of 0.02367 (2.592). The proxies for human capital 
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stock are jointly significant. The coefficient of primary school enrollment ratio is 
0.01339 (1.189), and that of secondary school enrollment ratio is 0.03532 (2.816). 
The two enrollment ratios enter the growth regression separately in Equation 2 and 3. 
When using primary enrollment ratio alone to proxy for human capital stock in equation 
2, its coefficient becomes 0.03661 (3.56). Coefficient of per capita GDP changes slightly 
to -0.00094 (-2.629). For the growth of term of trade, their coefficient decreases slightly 
to 0.01901 (2.02). Ill Equation 3，only secondary school enrollment ratio is used as 
proxy for human capital stock. The coefficient of it is 0.04811 (4.318). The coefficient 
of per capita income is -0.00219 (-3.72), which is more negative than that in Equation 2. 
For the growth of terms of trade, its coefficient, which is 0.02682 (3.337)，is larger than 
that in Equation 2. 
The size of population and its growth rate enter the growth regressions in Equation 4，5 
and 6. Both of them are insignificant. In Equation 4, population size is included in the 
regression. It turns out to be insignificant. Other explanatory variables only change 
slightly. Per capita income has a coefficient of -0.00191 (-3.33), which nearly equals to 
thai in the basic equation. The coefficient of terms of trade growth increases slightly to 
0.02376 (2.6). In addition, the coefficient of primary enrollment ratio increases to 
0.01345 (1.193). However, that of secondary enrollment ratio decreases to 0.03496 
(2.781). The growth rate of population enters the regression in Equation 5. However, it 
finds to be insignificant with coefficient of 0.18641 (0.7618). Coefficient of per capita 
GDP becomes -0.00176 (-2.992). The growth of terms of trade is significant with 
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coefficient of 0.02177 (2.323). The coefficients of primary and secondary enrollment 
ratios are 0.01196 (1.039) and 0.03906 (2.79) respectively. Finally, both the population 
size and its growth rate enter the growth regression simultaneously. Both of them are 
insignificant. The coefficient of per capita income is -0.00175 (-2.974), and that of terms 
of trade growth is 0.02184 (2.328). Those of primary and secondary enrollment ratios 
are 0.01195 (1.037) and 0.03892 (2.765) respectively. Overall speaking, the per capita 
income，the growth rate of terms of trade, and the secondary enrollment ratio are 
significant in all three equations. The size of population and the growth rate of 
population have insignificantly effect on per capita income growth. 
The impact of population ageing to economic growth is studied in Equations 7 to 12. 
The log of life expectancy and the ratio of population of age 65 enter the growth 
regressions separately in Equations 7 to 10. Both of the ageing variables are significantly 
related to economic growth. In Equation 7, the coefficient of life expectancy is 0.07359 
(4.606). Per capita income is significantly negative with coefficient -0.00251 (-4.908). 
Growth rate of terms of trade is significantly positive with coefficient equals to 0.02416 
(2.728). The coefficient of primary enrollment ratio is 0.00796 (0.8054). In Equation 8, 
the coefficient of life expectancy is again significantly positive, with value equals to 
0.08326 (4.22). The coefficient of per capita income is -0.00241 (-4.908) and is 
significantly negative. Growth rate of terms of trade is significantly positive with a 
coefficient of 0.02454 (2.929). When comparing Equations 7 and 8 to Equations 2 and 3, 
it is found that the inclusion of life expectancy in growth regressions reduce the 
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magnitude and significance of both primary and secondary enrollment ratios, which are 
the proxies of human capital stock. 
Equations 9 and 10 show the regression results with the inclusion of aged population 
ratio. In Equation 9, aged population ratio is significant with coefficient of 0.27546 
(3.291). Coefficient of per capita income is -0.00195 (-3.308). Growth rate of terms of 
trade is significant with coefficient of 0.02711 (3.292). The coefficient of primary 
enrollment ratio is 0.02869 (3.107). In Equation 10, aged population ratio is significantly 
positive with coefficient of 0.21657 (2.508). Per capita income is significantly negative 
with coefficient -0.00237 (-3.335). Growth rate of terms of trade is significantly positive 
with coefficient 0.02913 (3.898). The coefficient of secondary enrollment ratio is 
0.02958 (2.974). Similar with life expectancy, the inclusion of aged population ratio into 
growth regressions reduces the size and significance of coefficients of human capital 
proxies. 
Both of the ageing variables enter the growth regression simultaneously in Equations 11 
and 12. In Equation 11, the coefficients of life expectancy and aged population ratio are 
0.05876 (3.209) and 0.17897 (2.204), which are both significantly positive. Per capita 
income is significant with coefficient -0.00292 (-4.476). The coefficient of growth rate 
of terms of trade is 0.02741 (3.297), which is significantly positive. In Equation 12, the 
coefficient of aged population ratio is 0.15891 (1.983), and thai of life expectancy is 
0.07477 (3.544). Per capita income and growth rate of terms of trade are both 
significant. Their coefficients are -0.00283 (-4.243) and 0.02838 (3.629) respectively. 
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The findings in Equations 11 and 12 show that, although life expectancy and aged 
population ratio are closely related, they have individual impact on economic growth. 
Equations 13 to 18 study the effect of some demographic variables to economic growth. 
Dependency ratio enters the growth regression in Equation 13 and 14. In Equation 13, 
only primary enrollment ratio is used as proxy for human capital stock while in Equation 
14, secondary enrollment ratio is used instead. Dependency ratio is significantly 
negative in both Equations 7 and 8, showing that a high portion of dependent population 
can slow economic growth. In Equation 7，its coefficient is -0.09836 (-4.8). The 
coefficient of per capita income is -0.00285 (-5.154). That of growth rate of terms of 
trade is 0.02346 (2.466). Both of them are significant and have expected signs. The 
human capital stock proxy is significant in Equation 13. The coefficient of primary 
enrollment ratio is 0.02193 (2.408). In Equation 14, main results are similar with that in 
Equation 13. The coefficient of dependency ratio is -0.09348 (-4.5). Per capita income is 
significantly negative with coefficient of -0.00321 (-5.283). Growth of terms of trade, 
and secondary enrollment ratio are either positively significant or marginally significant 
with coefficients equal to 0.02466 (2.846) and 0.02106 (1.891) respectively. 
Another demographic variable, crude death rate is included in Equations 15 and 16. 
Similar with Equations 13 and 14, the two equations use different enrollment ratios to 
proxy for human capital stock. Crude death rate is either significantly related or 
marginally significantly related to growth. In Equation 15，the coefficient of it is -0.0015 
(-2.416). The coefficient of per capita income is -0.00143 (-3.375). Growth of terms of 
{ 
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trade is significant with coefficient of 0.0197 (2.094). In Equation 16，crude death rate is 
marginally significant with coefficient equals to -0.00091 (-1.564). Per capita income is 
significantly negative with coefficient of -0.00225 (-3.929). The coefficients of terms of 
trade growth and secondary enrollment ratio are 0.0256 (3.108) and 0.0348 (2.517) 
respectively. Both of them are significantly positive. The findings here are consistent 
with the controversial thinking that a higher crude death rate, reflecting a worse health 
level, is negatively related to economic growth. 
Infant mortality rate enters the regression in Equation 17 and 18. It turns out to be 
significant in both equations and with coefficients of expected sign. In Equation 17， 
where primary enrollment ratio is the proxy of human capital stock, the coefficient of 
infant mortality rate is -0.00025 (-3.807). Per capita income is significantly negative 
with coefficient of -0.00225 (-4.083). Growth of terms of trade is significant. Its 
coefficient is 0.02441 (2.728). In Equation 18, the coefficient of infant mortality rate is 
significantly negative, with a value of -0.00023 (-2.796). Coefficient of per capita 
income is -0.00257 (-4.395) and is significantly negative. The growth rate of terms of 
trade is significantly positive where its coefficient equals to 0.02738 (3.345). The 
inclusion of infant mortality rate into the regressions reduces the coefficients as well as 
the significance of human capital proxy. This result can be explained by the fact that 
healthiness of the labor force, which is reflected by infant mortality rate, is a determinant 
for human capital. 
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There are a few main results obtained from the growth regressions using panel data. 
First, the regression results show sufficient evidence supporting the conditional 
convergence hypothesis. The coefficients of the initial per capita income are consistently 
negative in growth regressions with the effect of human capital being controlled. It 
means that country with a lower initial per capita income will be likely to have a higher 
future growth rate of per capita income, and that with a higher initial income will have a 
lower growth, given that the two countries have the same initial human capital stock. 
Second, ageing variables, life expectancy and aged population ratio play an important 
role ill the growth regression. Both of the variables are significantly positively related to 
economic growth. Moreover, with the inclusion of ageing variables, the size and 
magnitude of the coefficients of human capital proxy decrease. This can be explained by 
the hypothesis that population ageing can promote economic growth through 
encouraging human capital investment. Third, the size of population and its rate of 
growth seem to have insignificant effect on economic growth, after the effects of other 
variables are controlled. Fourth, demographic variables such as dependency ratio, crude 
death rate and infant mortality rate have significant effect on growth. 
Equations 19 to 22 in Table 5.2 report the regression results of panel data using human 
capital investment as dependent variables. Secondary enrollment ratio is used as the 
dependent variables. Equation 19 reports the regression result without ageing variables 
and demographic variables. It is shown that both real per capita income and government 
consumption has significantly positive effect on human capital. The coefficient for per 
‘ capita GDP is 0.02859 (17.22) and that for government consumption is 0.24959 (3.147). 
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The growth rate of terms of trade is insignificantly related to human capital in Equation 
19. Ageing variables enter the regressions in Equations 20 to 22. Life expectancy is 
significantly positively related to human capital in both Equations 20 and 22. Aged 
population ratio is found to have positive effect on secondary enrollment ratio in both 
Equations 21 and 22. In Equation 20’ the coefficients for life expectancy is 1.1062 
(81.99), and that for per capita income and government expenditure are 0.00963 (10.28) 
and 0.38427 (6.909) respectively. Aged population ratio enters the regression 
significantly with coefficient equals to 4.7112 (19.51) in Equation 21. In addition, per 
capita income is significantly positive with coefficient equals to 0.01845 (9.355). Both 
of the ageing variables enter the human capital regression simultaneously in Equation 
22. They turn out to have significantly positive on human capital. The coefficients of life 
expectancy and aged population ratio are 0.96945 (44.43) and 1.71 19 (9.386) 
respectively. Both per capita GDP and government expenditure are significant with 
coefficients equal to 0.00742 (6.794) and 0.18775 (3.298) respectively. 
The result obtained here is consistent with the Hypothesis 4 that ageing can induce a 
higher level of human capital investment. Both ageing variables are significantly 
positively related to human capital across Equations 20 to 22. Although their 
significance decline when both ageing variables enter the regression simultaneously, 
they are still positively significant. Moreover, per capita income is significantly 
positively related to human capital. Government consumption also has positive effect on 
human capital, except in Equation 21 where its coefficient is insignificant. 
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The effect of ageing variables to physical investment, or national savings, is studied in 
Equations 23 to 27 in Table 5.3. It is found that life expectancy has a positive effect on 
investment, but aged population does not. Aged population ratio affects investment 
negatively. Moreover, the human capital proxy, secondary enrollment ratio, and 
government consumption also have a positive effect on physical investment. In Equation 
23, both government consumption and secondary enrollment ratio are significant with 
coefficients equal to 0.12257 (3.256) and 0.0309 (2.931) respectively. Life expectancy 
enters the regression in Equation 24. It is significant with a coefficient of 0.038 (2.232). 
Government consumption remains significant with coefficient equals to 0.18317 (4.588). 
Then, aged population ratio is put into the regression. It turns out to be marginally 
significant with coefficient equals to -0.15619 (-1.895) in Equation 25. The coefficient 
of government consumption is 0.19182 (4.891)，which is significantly positive. Both of 
the ageing variables enter the regression simultaneously in Equation 26. Both of them 
turn out to be significant. Life expectancy is significantly positive with coefficient 
equals to 0.07831 (3.837). However，aged population ratio is significantly negative with 
coefficient equals to -0.3599 (-2.743). In addition, the coefficient of government 
consumption is 0.23128 (5.145), which is significant. The inclusion of secondary 
enrollment ratio into the regression decreases the significance of life expectancy in 
Equation 27. However, the coefficient of life expectancy, which equals to 0.04793 
(1.414)，is still positive. Furthermore, the coefficient of aged population ratio is -0.47331 
( -1097) , which is again, significantly negative. The coefficients of government 
consumption and secondary enrollment ratio are 0.17869 (3.828) and 0.04662 (1.705) 
‘ respectively. 
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The finding here is consistent with the Hypothesis 3 that population ageing has both a 
positive and a negative effect on national savings. It is likely that the increase in life 
expectancy of the population has a positive impact on savings. People tend to save more 
if they expect themselves to live longer, in order to smooth out their consumption. On 
the other hand, a higher portion of elderly in the population can lower the overall 
savings rate. The result obtained in this study shows that the elderly is likely to dissave, 
such that a higher aged population ratio has negative effect on savings. This negative 
effect of aged population on savings will lead to a negative impact on. growth. However, 
this negative impact on growth is likely to be dominated by the positive effect of aged 
population ratio through human capital investment. Therefore, the overall effect of a 
higher aged population ratio on growth is likely to be positive. 
Another growth determinant, fertility rate, is studied in Equations 28 to 31 in Table 5.4. 
It is found that life expectancy and aged population ratio is negatively related to fertility. 
The coefficients of life expectancy in Equations 29 and 31 are both significantly 
negative, with values equal to -4.0699 (-25.41) and -2.3786 (-15.47) respectively. For 
aged population ratio, its coefficient in Equations 30 is -38.673 (-31.19), and in Equation 
31 is -29.19 (-23.15), both of them are significantly negative. The coefficients of per 
capita income are -0.14084 (-12.03) and -0.06513 (-6.824) in Equations 28 and 29. Both 
of them are significantly negative. However, they become insignificant in Equations 30 
and 31. Government consumption ratio is insignificant in the fertility regressions except 
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ill Equation 30, where the coefficient is 0.58422 (2.898). The growth rate of terms of 
trade is insignificant throughout the four regressions. 
Equations 32 to 36 in Table 5.5 include the time dummy of each year into the growth 
regressions presented in Equations 1 to 3 and Equations 11 to 12 in Table 5.1 
respectively. The year 1977 is used as the control year. The dummies of year 1978, 1979 
and 1980 enter the growth regression. The purpose of including time dummies is to 
capture any possible business cycle fluctuations that have not been captured by the 
original model setting. 
The coefficients of other explanatory variables in the five equations are more or less the 
same compared with those corresponding equations presented before. The inclusion of 
time dimmies increases the goodness-of-fit of the regressions as shown by the Buse 
(1973) r2. Moreover, the intercept shift in 1978 is relatively insignificant compared with 
those in 1979 and 1980. In 1979 and 1980, there is a downward shift in intercept from 
that ill 1977. 
Regional dummies enter the growth regression of panel data in Equations 37 to 41 in 
Table 5.6.The purpose of including regional dummies has been discussed in section 4.1. 
Therefore, only the regressions results are going to be presented here. Equations 37 to 41 
in Table 5.6 also follow the format of Equations 1 to 3 and 11 to 12 in Table 5.1. The 
only difference is the inclusion of three regional dummies. In Equation 37, the sub-
‘ Saharan African dummy and Latin American dummy are significantly negative. Their 
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coefficients are -0.02691 (-5.454) and -0.02371 (-3.795) respectively. The dummy of 
East Asia is positive but insignificant. Both of the coefficients of sub-Saharan African 
dummy (-0.0266 (-5.422)) and Latin American dummy (-0.02221 (-3.57)) are 
significantly negative in Equation 38. Moreover, that of East Asia is positive but 
insignificant. Similar results also are obtained in Equation 39, where both sub-Saharan 
African dummy (-0.02623 (-4.059)) and Latin American dummy (-0.02256 (-3.753)) are 
significantly negative, but East Asian dummy is insignificantly positive. Sub-Saharan 
African dummy (-0.0174 (-2.182)) and Latin American dummy (-0.01903 (-2.989)) 
remind significantly negative when ageing variables enter the regression in Equation 40. 
In addition, East Asian dummy (0.01093 (1.841)) is marginally significantly positive. 
Only Latin American dummy (-0.01731 (-2.56)) is significantly negative in Equation 41. 
Both sub-Saharan African dummy (-0.01429 (-1.628)) and East Asian dummy (0.01182 
(1.917)) are marginally significant. 
Results obtained above are similar to those obtained by using cross-sectional data. For 
countries in sub-Saharan Africa and Latin America, their weak economic performance 
cannot be explained fully by the explanatory variables included in the regressions here. 
However, for East Asian countries, their strong economic performance can be 
reasonably explained to a certain degree. 
The full sample is divided into two sub-samples by the value of initial per capita income 
in Equations 42 to 51 in Table 5.7. The purpose of sample division has already been 
‘ discussed in section 4.1. Both Equations 42 and 43 are based on Equation 1 in Table 5.1. 
68 
The coefficient of initial income in the rich sample is -0.00193 (-3.192), and that in the 
poor sample is -0.03252 (-4.037). For human capital proxy，the coefficient of primary 
enrollment ratio in the rich sample is 0.16095 (2.687), and that in the poor sample is 
0.04226 (3.384). The coefficients of secondary enrollment ratio turn out to be 
insignificant. In Equations 44 and 45, which are both based on Equation 2, the 
coefficient of initial income in the rich sample (-0.00178 (-3.513)) is smaller that that in 
the poor sample (-0.03443 (-5.043)) in absolute value. However, the coefficient of 
primary enrollment ratio in the rich sample (0.17101 (2.887)) is larger than that in the 
poor sample (0.03556 (3.646)). Equations 46 and 47，which based on Equation 3，show 
that the coefficient of initial income in the rich sample (-0.00314 (-4.399)) continues to 
be smaller than that in the poor sample (-0.02882 (-3.803)). Coefficient of secondary 
enrollment ratio (0.04707 (2.868)) is significant in Equation 47. However, in other 
equations from Equations 42 lo 51，secondary enrollment ratios turn out to be 
insignificant. Equations 48 and 49, which have the same setting as Equation 11, include 
the ageing variables. Coefficient of initial income in the rich sample (-0.00204 (-2.764)) 
is smaller than that in the poor sample (-0.02859 (-4.499)) in absolute valu’…Coefficient 
of primary enrollment ratio is 0.16143 (2.737) in the rich sample, which is larger than 
that in the poor sample (0.0J703 (1.505)). The ageing variables are insignificant in the 
rich sample, but are significantly positive in the poor sample, with the coefficient of life 
expectancy equals to 0.03434 (1.923), and the coefficient of aged population ratio equals 
to 1.2098 (2.608). In Equation 50 and 51, which are based on Equation 12, the 
coefficients of initial income remain significantly negative. The values of the 
‘ coefficients are -0.00294 (-3.433) in the rich sample and -0.02368 (-3.266) in the poor 
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sample. Ageing variables are again, insignificant in the rich sample, but significant in 
the poor sample. In the poor sample, the coefficient of life expectancy is 0.06148 
(2.379), and that of aged population ratio is 1.2391 (2.753). 
Results obtained in Equations 42 to 51 in Table 5.7 show that initial income is consistent 
more negative in the poor sample than in the rich sample. This means that convergence 
is fester within poor countries than within rich countries. The finding is consistent with 
that obtained in section 4.1. Moreover, primary enrollment ratio is found larger in the 
rich sample than in the poor sample. Equations 52 and 53 use the same set up as 
Equations 50 and 51 except a different cut off point at per capita income of $1000. The 
coefficient for life expectancy in the rich sample is 0.03302 (0.6657), which is smaller 
than that in the poor sample (0.09092 (3.247)). For aged population ratio, its coefficient 
is also smaller in the rich sample (0.09498 (1.248)) than in the poor sample (0.7566 
(1.344)). 
Equations 54 to 57 in Table 5.8 show the regression results for human capital when the 
sample is divided into rich and poor countries samples. By using $1500 as cut off point 
ill Equations 54 and 55, the coefficient for life expectancy in the rich sample (1.7875 
(11.43)) is larger than that in the poor sample (0.88951 (18.45)). For aged population 
ratio, its coefficient is smaller in the rich sample (0.30687 (0.9781)) than in the poor 
sample (2.0237 (2.785)). Another cut off point ($1000) is used in Equations 56 and 57. 
The coefficient for life expectancy is larger in the rich sample (1.1991 (15.9)) than in the 
‘ poor sample (0.82585 (16.21)). The coefficient for aged population ratio is 1.0527 
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(3.881) in the rich sample and -0.20274 (-0.2493) in the poor sample. Life expectancy is 
likely to have a stronger effect on human capital in rich countries than in the poor 
countries. This result is consistent with the findings in Table 3.9 where cross-sectional 
data is used. 
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5. Conclusions 
Several hypotheses concerning the relationship between population ageing, human 
capital investment and economic growth are tested using two sets of regressions, one 
with panel data and one with cross-sectional data. Firstly, the conditional convergence 
hypothesis (Hypothesis 1) is tested by using both sets of regressions. The results 
consistently support the hypothesis. A country with lower initial per capita income will 
have a higher future growth rate when human capital is controlled. Secondly, by using 
cross-sectional data, the effect of different schooling quality variables on growth is 
estimated. Various schooling variables are found to have a significant impact on 
economic growth. More specifically, the average schooling year of the working age 
population, public educational expenditure per pupil and its ratio to per capita income 
are consistently significant in growth regressions. The finding is consistent with the 
hypothesis that schooling quality is an important determinant of economic growth 
(Hypothesis 2). Thirdly, in the cross-sectional regressions, ageing (log of life 
expectancy) is found to have a significantly positive effect on the ratio of physical 
capital investment. If the investment ratio is considered as a proxy for the saving rate, 
population ageing can have a positive effect on national savings rate. In the panel data 
regressions, the finding is consistent with the Hypothesis 3 that population ageing has 
both a positive and a negative effect on national savings. Finally, from the results of both 
cross-sectional regressions and panel regressions, population ageing has a positive 
impact oil both human capital investment and economic growth. These empirical results 
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are consistent with Hypothesis 4 that population ageing has a positive effect on 
economic growth through the accumulation of human capital. 
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Table 1: Basic Statistics (Cross-sectional Data) 
__ Variables ——^N^ Mean S.D. Variance Minimum Maximum 
•入:ggf 斤^沉飞丁5而：瓦汀- Yiy "(I0T975 6761925— 一一O'MOST'‘ 一~-0T02'827 a07448 
Average growth (1970-85) 116 0.01355 0.02365 0.00056 -0.04390 0.08213 
Per capita income in 1960 1 13 1.7874 1.75300 3.0731 0.208 7.38 
Per capita income in 1970 116 2.5329 2.5033 6.2666 0.2680 9.459 
Average investment ratio 114 0.18156 0.07894 0.00623 0.0419 0.3691 
(1960-85)* 
Average investment ratio 117 0.18805 0.07676 0.00589 0.0387 0.3902 
(1970-85)* 
Average investment ratio 98 0.22623 0.05989 0.00359 0.09411 0.3729 
(1960-85)** 
Average investment ratio 112 0.24548 0.06735 0.00454 0.08884 0.45614 
(1970-85)** 
Government consumption 100 0.10676 0.0539 0.00291 0.0001 0.2447 
Revolutions and coups 117 0.21855 0.25384 0.06444 0.00 1.15 
Assassinations 117 0.19974 0.42886 0.18392 0.00 2.85 
Index for market distortions 114 0.00001 0.32381 0.10485 -0 .49400 1.827 
Log(life expectancy) 175 4.083 0.19745 0.03899 3.5609 4.3267 
Aged population ratio 142 0.05179 0.03482 0.00121 0.01488 0 .14642 
Average primary enrollment 116 0.81681 0.28576 0.08166 0.14333 1 2 9 
ratio (1960-85) 
Average primary enrollment 117 0.86197 0.27212 0.07405 0.17 1.48 
ratio (1970-85)* 




Table 1: Basic Statistics (continued) 
Variables N Mean S.D. Variance Minimum Maximum 
""A"vet:"age-""s'econdai:"y"""e"i1-r'o" "fin'ent-"-'-'"-""11""5···---"-"---o.33T6~r--"··--o.249TK"----""-(f.-66208"---(f02--··-·--"-----""·-O~~f5-----"·"--·" 
ratio (1 960-85) 
A verage secondary enro llment 116 0.39569 0.27415 0.0751 G 0.02 0.995 
ratio (1970-85)* 
A verage secondary enrollment 103 0.4284 0.27403 0.07509 0.0275 0.9825 
ratio (1970-85)** 
Primary enrollment ratio 11 6 0.7 1957 0.35246 0.12423 0.05 1.44 
( 1960) 
Primary enrollment rat io 117 0.8029 1 0.32 148 0.10335 0.03 1.64 
( 1970)* 
Primary enrollment ratio 130 0.78823 0.31602 0.09987 0.03 1.26 
(1970)** 
Secondary enrollment ratio 11 6 0.199 11 0.20964 0.04395 0.001 0.86 
( 1960) 
Secondary enrollm ent ratio 117 0.3 0795 0.26034 0.06778 0.01 1.00 
( 1970)* 
Secondary enrollment ratio 128 0.3 1633 0.26362 0.0695 0.01 1.02 
(1970)** 
Total schooling years (1 960) 105 3.371 2 2.5004 6.2519 0.07 10.07 
Total schooling years (1970) 106 3.7297 2.7207 7.4025 0.04 10.09 
Primary schooling years 104 2.7589 2.015 4.0604 0.05 7.98 
( 1960) 
Primary schooling years 106 2.8902 2.0685 4.2786 0.03 7.85 
( 1970) 
Secondary schooling years 108 0.54954 0.59072 0.34894 0.01 2.87 
( 1960) 
Secondary schooling years 108 0.730 19 0.74988 0.56232 0.0 1 3.85 
(1970) 
Terti ary schooling years 11 0 0.07 0.09 11 5 0.00831 0.00 0.53 
( 1960) 
Terti ary school ing years 110 0.10155 0.12138 0.01473 0.00 0.68 
( 1970) 
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Table 1: Basic Statistics (continued) 
Variables N Mean S.D. Variance Minimum Maximum 
PHmary pupil-teacher ratio i l l 0.36563 0.TT042 0 .01219 0J86 ---------
(1960) 
Primary pupil-teacher ratio 138 0.34703 0.11339 0.01286 0.094 0.688 
(1970) 
Secondary pupil-teacher ratio 122 0.19198 0.06098 0.00372 0.066 0.343 
( I960) 
Secondary pupil-teacher ratio 132 0.19495 0.05903 0.00348 0.073 0.365 
(1970) 
Primary expenditure (1960) 67 0.2399 0.23049 0.05313 0.025 1.079 
Primary expenditure (1970) 93 0.4447 0.5685 0.32319 0.026 3.62 
Secondary expenditure (1960) 67 0.71025 0.64023 0.40989 0.031 3.957 
Secondary expenditure (1970) 91 0.90076 0.6985 0.48791 0.043 3.158 
Primary expenditure to GDP 67 0.13016 0.1 1537 0.01331 0.026 0.778 
(1960) 
Primary expenditure to GDP 92 0.13661 0.08988 0.00808 0.029 0 59 
(1970) 
Secondary expenditure to 67 0.75 1.2076 1.4583 0.031 6 188 
GDP (1960) 
Secondary expenditure to 90 0.56499 0.89184 0.79537 0.032 6 398 
GDP (1970) 
Teacher's salary (1960) 67 6.0801 4.1933 17.584 0.98 19.873 
Teacher's salary (1970) 89 9.9824 8.0971 65.563 1.1687 40.264 
Teacher's salary to GDP 67 0.39979 0.35111 0.12328 0.049 1 6 8 ) 
(1960) 
Teacher's salary to GDP 87 0.40535 0.29968 0.08981 0.06 1 6 9 5 
(1970) 
School days per year 141 0.19715 0.01663 0.00028 0.135 0.24 
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Table 1: Basic Statistics (continued) 
Variables N Mean S.D. Variance Minimum Maximum 
. 玩 「 . 丨 巧 ——. 祈 0 97659""""0J5'532"——Q.Q24\2 "0^589 �而 
Primary repetition rate (1970) 93 0.11806 0.09469 0.00897 0.00 0.34 
Secondary repetition rate 63 0.10 0.06533 0.00427 0.00 0.30 
(1970) 
Drop-out rate (1970) 122 0.2917 0.25355 0.06429 0.00 0.92 
Average fertility (1965-85)* 1 16 4.4958 1.4558 2.1 1930 1.8629 7.0981 
Average fertility (1967-87)** 1 15 4.3888 1.6079 2.58540 1.6479 7.0102 
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Table 2: Correlations of Schooling with Ageing Variables (Cross-sectional Data) 
Correlation with log(life Correlation with aged Number of observations 
expectancy) population ratio 
P i & r y enrollment 0 ^ 2 4 4 6 0.38636 iT? 
ratio (1970)* 
Secondary enrollment 0.20266 0.58422 117 
ratio (1970)* 
Primary enrollment 0.22916 0.3665 130 
ratio (1970)** 
Secondary enrollment 0.20377 0.56069 128 
ratio (1970)** 
Total schooling years 0.22117 0.56972 106 
(1970) 
Primary schooling 0.21982 0.5848 106 
years (1970) 
Secondary schooling 0.17958 0.40804 108 
years (1970) 
Tertiary schooling 0.15841 0.44257 110 
years (1970) 
Primary pupil-teacher 0.14966 0.01574 138 
ratio (1970) 
Secondary pupil- 0.17662 0.08523 132 
teacher ratio (1970) 
Primary expenditure 0.18007 0.48827 93 
(1970) 
Secondary 0.17615 0.35566 91 
expenditure (1970) 
Primary expenditure 0.15089 0.09128 92 
to GDP (1970) 
Secondary expendi- 0.06331 -0.0492 90 
tiire to GDP (1970) � 
Primary repetition 0.14863 0.03932 93 
rate (1970) 
Secondary repetition 0.19963 0.24187 63 
rate (1970) 
Drop-out rate (1970) 0.07070 -0.17426 122 
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Table 3.1: Cross-sectional Results for Growth (1960-85) (continued) 
J - 3 
Dependent variable Average growth (1960-85^ Average growth (1960-85) Average growth (1960-85) 
Per capita income in -0.00716 -0.00846 -0.00839 
1960 (-5.591) (-5.701) (-5.604) 
Government -0.13285 -0.17392 -0.17349 
consumption (-4.613) (-6.043) (-5.962) 
Revolutions and -0.02307 -0.02875 -0.029 
coups (-3.242) (-3.952) (-3.939) 
Assassinations -0.00281 -0.00006 0.00017 
(-0.8792) (-0.01658) (0.04423) 
Index for market -0.00678 -0.00577 -0 .00554 
distortions (-1.665) (-1.354) (-1.277) 
Primary enrollment 0.02174 
ratio (1960) (3.343) 
Secondary enrollment 0.03179 
ratio (1960) (2.834) 
Total schooling years 0.00512 
(1960) (5.009) 
Primary schooling 0.005 
years (1960) (3.684) 
Secondary schooling 0.00787 
years (1960) (2.067) 
Tertiary schooling -0.01297 
years (1960) (-0.5813) 
Constant 0.0303 0.04526 0.04506 
(4.572) (9.208) (9.043) 
Adjusted r2 0.4751 1 0.49281 0.48478 
SC 0.00023 0.00022 0 .00024 
AlC 0:00019 0.00018 0 .00019 
B-P-G test 11.368 6.332 7.737 
[degree of freedom] [7] [6] [8] 
Number of 97 85 85 
observations  
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Table 3.1: Cross-sectional Results for Growth (1960-85) (continued) 
- - - 7 8 9 
Dependent variable Average Average Average Average Average Average 
growth growth growth growth growth growth 
(1960-85) (1960-85) (1960-85) (1960-85) (1960-85) (1960-85) 
Per capita income in -0.00857 -0.00388 -0.01 189 -0.00583 -0.00885 -0.00293 
1960 (-5.82) (-3.50) (-4.999) (-2.988) (-5.07) (-2.164) 
Government -0.17496 -0.15112 -0.19488 -0.16914 -0.21513 -0.1992 
consumption (-6.066) (-4.792) (-4.877) (-3.783) (-5.137) (-4.32) 
Revolutions and -0.02733 -0.03228 -0.01204 -0.02234 -0.01601 -0.02424 
coups (-3.702) (-4.029) (-0.9246) (-1.722) (-1.212) (-1.712) 
Assassinations 0.00028 0.00042 0.00380 -0.0011 0.00514 0.00054 
(0.07254) (0.09716) (0.5742) (-0.1513) (0.7564) (0.07033) 
Index for market -0.00665 -0.01073 0.00645 0.00211 0.00135 -0.00981 
distortions (-1.567) (-2.293) (0.7571) (0.2597) (0.1546) (-1.056) 
Total schooling years 0.00454 0.00509 0.00543 
(1960) (4.34) (3.897) (4.176) 
Primary pupil-teacher -0.03642 -0.06285 
ratio (1960) (-1.962) (-3.349) 
Secondary pupil- 0.04319 0.04324 
teacher ratio (1960) (1.876) (1.726) 
Primary expenditure 0.03377 0.0381 1 
(1960) (2.654) (2.653) 
Secondary -0.00365 -0.01315 
expenditure (1960) (-0.7882) (-2.92) 
Primary expenditure 0.09303 0.09161 
to GDP (1960) (2.251) (2.254) 
Secondary expendi- -0 .00212 -0.00618 
ture to GDP (1960) (-0.6415) (-2.315) 
Constant 0.05242 0.06572 0.04723 0.05586 0 .03942 0.04707 
(5.393) (6.593) (6.647) (7.835) (5.025) (5.703) 
Adjusted R" 0.51913 0.38171 0.49899 0.3653 0.4791 0 .30736 
SC 0.00023 0.00028 0.00026 0.00032 0.00027 0.00035 
AlC 0.00018 0.00023 0.00018 0.00024 0.00019 0.00026 
B-P-G test 6.772 16.546 4.57 6.212 7.655 6 .05700 
[degree of freedom] [8] [7] [8] [7] [8] [7] 
Number of 83 91 53 59 53 59 
observations 
4 I “ I I 
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Tiible 3.1: Cross-sectional Results for Growth (1960-85) (continued) 
rs n 12 ii 一 
Dependent variable Average growth Average growth Average growth Average growth 
(1960-85) (1960-85) (1960-85) (1960-85) 
Per capita income in -0.01037 -0.00349 -0.00842 -0.00255 
1960 (-4.822) (-2.149) (-4.705) (-1.689) 
Government -0.19288 -0.20135 -0.2056 -0.20742 
consumption (-5.091) (-4.413) (-5.177) (-4.421) 
Revolutions and -0.01236 -0.03139 -0.01683 -0.03373 
coups (-0.9076) (-2.254) (-1.233) (-2.416) 
Assassinations 0.00498 -0.0009 0.00336 -0.00169 
(0.706) (-0.1109) (0.4846) (-0.2122) 
Index for market 0.00618 -0.00478 0.0018 -0.00749 
distortions (0.6919) (-0.5623) (0.1991) (-0.7477) 
Total schooling years 0.00565 0.00547 
(1960) (4.258) (4.129) 
Teacher's salary 0.00085 0.00043 
(1960) (1.509) (0.6899) 
Teacher's salary to 0.01119 0.00577 
GDP (1960) (1.183) (0.6252) 
Constant 0.04251 0.0536 0.04257 0 .05322 
(5.457) (6.53) (5.262) (6.246) 
Adjusted R^ 0.45869 0.23628 0.44846 0 .23504 
SC 0.00026 0.00036 0.00027 0.00036 
AIC 0.0002 0.00028 0.0002 0.00028 
B-P-G test 4.615 3.7 4.078 4.391 
[degree of freedom] [7] [6] [7] [6] 




Tiible 3.1: Cross-sectional Results for Growth (1960-85) (continued) 
‘ 17 
Dependent variable Average growth Average growth Average growth Average growth 
(1960-85) (1960-85) (1960-85) (1960-85) 
Per capita income in -0.00848 -0.00259 -0.00958 -0.00286 
1960 (-5.66) (-2.493) (-5.145) (-2.402) 
Government -0.17393 -0.1592 -0.20268 -0.17399 
consumption (-6.005) (-4.906) (-5.028) (-3.884) 
Revolutions and -0.02875 -0.03239 -0.03253 -0.03529 
coups (-3.927) (-3.986) (-2.59) (-2.507) 
Assassinations -0.00009 -0.00009 0.00035 0.00145 
(-0.02318) (-0.01926) (0.07421) (0.2661) 
Index for market -0.00581 -0.00888 0.0053 -0.00155 
distortions (-1.353) (-1.894) (0.8435) (-0.2429) 
Total schooling years 0.00512 0.00587 
(1960) (4.98) (4.52) 
School days per year -0.01817 -0.00675 
(-0.1623) (-0.05849) 
School hours per year 0.0077 0.00634 
(0.621) (0.4735) 
Constant 0.04886 0.05104 0.04247 0.04672 
(2.148) (2.138) (3.455) (3.352) 
Adjusted r2 0.48639 0.30092 0.43335 0.21558 
SC 0.00023 0.0003 0.00024 0.00031 
AlC 0.00018 0.00025 0.00018 0.00024 
B-P-G test 6.326 7.011 7.049 5.493 
[degree of freedom] [7] [6] [7] [6] 




Table 3.2: Cross-sectional Results for Growth (1970-85) (continued) 
- ^ — ~ 
Dependent variable Average growth Average growth Average growth Average growth 
(1970-85) (1970-85) (1970-85) (1970-85) 
Per capita income in -0.00648 -0.00666 -0.0068 -0.00663 
1970 (-4.901) (-4.099) (-4.432) (-4.251) 
Government -0.18672 -0.20042 -0.21362 -0.21281 
consumption (-4.784) (-4.605) (-5.246) (-5.178) 
Revolutions and -0.02701 -0.02952 -0.03567 -0.03498 
coups (-2.832) (-2.73) (-3.509) (-3.396) 
Assassinations -0.00517 -0.00503 -0.00317 -0.00289 
(-1.237) (-0.8802) (-0.597) (-0.5371) 
Index for market -0.01184 -0.01041 -0.0114 -0.01126 
distortions (-2.233) (-1.764) (-1.966) (-1.895) 
Primary enrollment 0.01141 
ratio (1970)* (1.294) 
Secondary enrollment 0.04746 
ratio (1970)* (3.681) 
Primary enrollment 0.00197 
ratio (1970)** (0.1773) 
Secondary enrollment 0.05046 
ratio (1970)** (3.362) 
Total schooling years 0,00488 
(1970) (3.618) 
Primary schooling 0 .00494 
years (1970) (2.603) 
Secondary schooling 0.00719 
years (1970) (1.81) 
Tertiary schooling -0,0143 
years (1970) ( -0 .6042) 
Constant 0.033 0.04181 0.04646 0.04575 
(3.278) (3.511) (6.531) (6 .292) 
Adjusted R2 0.41032 0.3697 0.4058 0 .39624 
SC 0.0004 0.00047 0.00041 0 .00045 
AlC 0.00032 0.00038 0.00034 0 .00035 
B-P-G test 9.353 12.398 4.961 6.647 
[degree of freedom] [7] [7] [6] [8] 
‘ Number of 97 87 86 86 
observations 
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Table 3.2: Cross-sectional Results for Growth (1970-85) (continued) 
~ — ^ ^ ^ T! 
Dependent variable Average Average Average Average Average Average 
growth growth growth growth growth growth 
(1970-85) (1970-85) (1970-85) (1970-85) (1970-85) (1970-85) 
Per capita income in -0.00676 -0.00372 -0.0094 -0.00529 -0.00827 -0.00348 
1970 (-3.987) (-3.063) (-4.03) (-2.64) (-5.023) (-2.887) 
Government -0.22685 -0.20871 -0.24532 -0.22427 -0.25807 -0.22595 
consumption (-5.315) (-4.968) (-5.154) (-4.467) (-5.209) (-4.386) 
Revolutions and -0.0355 -0.036 -0.03935 -0.03564 -0.04568 -0.04255 
coups (-3.386) (-3.512) (-3.381) (-2.98) (-3.892) (-3.329) 
Assassinations -0.0039 -0.00446 -0.00243 -0.00356 -0.00007 -0.00129 
(-0.7047) (-0.7889) (-0.4185) (-0.5695) (-0.01208) (-0.2027) 
Index for market -0.01239 -0.01453 -0.01479 -0.01571 -0.01338 -0.01771 
distortions (-2.08) (-2.521) (-1.597) (-1.774) (-1.464) (-1.942) 
Total schooling years 0.0041 丨 0.00444 0.00483 
(1970) (2.723) (2.967) (3.163) 
Primary pupil-teacher -0.03109 -0.06356 
ratio (1970) (-1.154) (-2.57) 
Secondary pupil- 0.02323 0.02862 
teacher ratio (1970) (0.6506) (0.8023) 
Primary expenditure 0.01598 0.01687 
(1970) (2.502) (2.452) 
Secondary -0.0029 -0.00456 
expenditure (1970) (-0.5952) (-1.033) 
Primary expenditure 0 .13002 0.09603 
to GDP (1970) (2.555) (2.089) 
Secondary expendi- -0.00551 -0 .00299 
ture to GDP (1970) (-0.937) (-0.9702) 
Constant 0.05738 0.07268 0.05532 0.05931 0.04501 0.04848 
(3.894) (5.284) (6.323) (6.873) (5.289) (5.726) 
Adjusted r2 0.41258 0.34285 0.41668 0.28737 0.43463 0.26441 
SC 0.00047 0.00047 0.00047 0.00052 0 .00046 0.00055 
AIC 0.00036 0.00038 0.00035 0.0004 丨 0 .00035 0.00043 
B-P-G test 6.772 8.204 6.117 7.463 9.244 8.507 
[degree of freedom] [8] [7] [8] [7] [8] [7] 
Number of 81 91 69 77 68 76 
observations 
4 • • I I I 
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Table 3.2: Cross-sectional Results for Growth (1970-85) (continued) 
— 2 8 _ _ _ —— 29_ — 30 31 32 33 
Dependent variable Average Average Average Average Average Average 
growth growth growth growth growth growth 
(1970-85) (1970-85) (1970-85) (1970-85) (1970-85) (1970-85) 
Per capita income in -0.00909 -0.00426 -0.00728 -0.00268 -0.00677 -0 .00214 
1970 (-4.104) (-2.295) (-4.324) (-2.268) (-4.394) ( -2 .168) 
Government -0.22132 -0.20329 -0.22264 -0.19528 -0 .21352 -0 .18950 
consumption (-4.684) (-4.114) (-4.514) (-3.816) ( -5 .219) ( -4 .515) 
Revolutions and -0.041 14 -0.03689 -0.04146 -0.03533 -0 .03562 -0 .03558 
coups (-3.41) (-2.961) (-3.305) (-2.642) ( -3 .487) ( -3 .419) 
Assassinations -0.0009 -0.00211 -0.00241 -0.00437 -0 .00302 -0 .00258 
(-0.1495) (-0.323) (-0.3982) (-0.6663) ( -0 .5668) ( -0 .4528) 
Index for market -0.01211 -0.01534 -0.0129 -0.01481 -0 .01124 -0 .01414 
distortions (-1.264) (-1.695) (-1.329) (-1.567) ( -1 .928) ( -2 .409) 
Total schooling years 0.00498 0.00553 0.00491 
(1970) (3.302) (3.504) (3.617) 
Teacher's salary 0.00065 0.00052 
(1970) (1.358) (1.014) 
Teacher's salary to 0 .01049 -0.00065 
GDP (1970) (0.8131) ( -0 .06103) 
Schoo丨 days per year 0.07418 0.11045 
(0 .5074) (0 .766) 
Constant 0.04867 0.05288 0.0448 0.05314 0 .0316 0 .02693 
(5.696) (6.163) (4.809) (5.74) (1.049) (0 .8995) 
Adjusted r2 0.3877 0.24405 0.39144 0.23388 0 .40016 0 .27896 
SC 0.00049 0.00055 0.0005 0.00057 0 .00043 0 .00048 
AIC 0.00037 0.00044 0.00038 0.00046 0 .00035 0 .00039 
B-P-G test 4 .936 4 .624 5.351 5.172 5.676 5 .929 
[degree of freedom] [7] [6] [7] [6] [7] [6] 
Number of 67 75 65 73 86 % 
observations 
85 
Table 3.2: Cross-sectional Results for Growth (1970-85) (continued) 
_ 34 35 36 37 38 39 
Dependent variable Average Average Average Average A v e r a g e — A v e r a ^ ~ 
growth growth growth growth growth growth 
(1970-85) (1970-85) (1970-85) (1970-85) (1970-85) (1970-85) 
Per capita income in -0.00801 -0.00268 -0.00694 -0.0049 -0.00728 -0.00381 
1970 (-4.544) (-2.278) (-2.79) (-2.83) (-4.628) (-3.433) 
Government -0.20381 -0.1893 -0.21316 -0.20652 -0.21781 -0.19470 
consumption (-3.723) (-3.193) (-3.379) (-3.239) (-5.129) (-4.567) 
Revolutions and -0.0437 -0.03973 -0.0551 1 -0.05535 -0.03666 -0.03282 
coups (-2.508) (-2.14) (-3.082) (-3.122) (-3.314) (-2.984) 
Assassinations -0.00166 -0.00242 -0.00176 -0.00118 -0.00321 -0.00372 
(-0.2544) (-0.3416) (-0.2496) (-0.1659) (-0.5927) (-0.6573) 
Index for market 0.00618 -0.00113 -0.01364 -0.00935 -0.01198 -0.01418 
distortions (0.7359) (-0.137) (-1.621) (-1.162) (-2.027) (-2.424) 
Total schooling years 0.00616 0.00259 0.00418 
(1970) (3.98) (1.126) (2.86) 
School hours per year -0.00031 -0.0042 
(-0.01921) (-0.2428) 
Primary repetition -0.07932 -0.1084 
rate (1970) (-1.58) (-2.348) 
Secondary repetition -0.0371 -0.01747 
rate (1970) (-0.5549) (-0.267) 
Drop-out rate (1970) -0.01384 -0.02401 
(-1.205) (-2.23) 
Constant 0.04664 0.05733 0.07371 0.0787 0.05549 0.0612 
(2.783) (3.153) (4.585) (5.185) (6.394) (7.422) 
Adjusted r2 0.3566 0.1632 0.40171 0.35388 0.43457 0.34009 
SC 0.00044 0.00051 0.00061 0.00059 0.00044 0.00047 
AIC 0.00033 0.0004 0.00042 0.00043 0.00035 0.00038 
B-P-G test 3.268 3.032 8.503 10.635 8.08 7 038 
[degree of freedom] [7] [6] [8] [7] [7] [6] 
Number of 55 59 42 46 77 87 
observations 
86 
Table 3.3: Cross-sectional Results for Growth (1970-85) with Ageing Variables 
^ -
Dependent variable Average growth (19^70-85) Average growth (1970-85) 
Per capita income in -0.00814 -0.00877 
1970 (-5.503) (-5.155) 
Government -0.18401 -0.18705 
consumption (-4.524) (-4.356) 
Revolutions and -0.02404 -0.02503 
coups (-2.511) (-2.429) 
Assassinations -0.00807 -0.00711 
(-1.863) (-1.309) 
Index for market -0.01051 -0.00969 
distortions (-1.985) (-1.73) 
Log(life expectancy) 0.03586 0.08325 
(1.702) (3.075) 
Aged population ratio 0.15966 0.20822 
(1.646) (1.943) 
Primary enrollment 0.00568 
ratio (1970)* (0.5999) 
Secondary enrollment 0.02364 
ratio (1970)* (1.404) 
Primary enrollment -0.0198 
ratio (1970)** (-1.474) 
Secondary enrollment 0.0064 
ratio (1970)** (0.3294) 
Total schooling years 
(1970) 
Constant -0.10567 -0.27292 
(-1.291) (-2.675) 
Adjusted R" 0.44006 0.44903 
SC 0.00042 0 .00046 
AlC 0.00032 0.00034 
B-P-G test 1 1.777 13.968 
[degree of freedom] [9] [9] 
Number of 95 85 
observations 
87 
Table 3.3: Cross-sectional Results for Growth (1970-85) with Ageing Variables 
(continued) 
— — 
Dependent variable Average growth (1970-85) Average growth (1970-85) 
Per capita income in -0.00955 -0.00988 
1970 (-5.526) (-5.593) 
Government -0.21389 -0.20969 
consumption (-5.04) (-4.885) 
Revolutions and -0.02992 -0.03057 
coups (-2.961) (-3.014) 
Assassinations -0.00582 -0.00503 
(-1.134) (-0.969) 
Index for market -0.00996 -0.01036 
distortions (-1.804) (-1.85) 
Log(life expectancy) 0.03487 0.03443 
(1.765) (1.67) 
Aged population ratio 0.19613 0.19994 
(2.258) (2.207) 
Total schooling years 0.00316 
(1970) (1.925) 
Primary schooling 0.00227 
years (1970) (0.9918) 
Secondary schooling 0.00963 
years (1970) (1.745) 
Tertiary schooling -0.01127 
years (1970) (-0.4113) 
Constant -0.09452 -0.09326 
(-1.185) (-1.124) 
Adjusted R" 0.47981 0.47738 
SC 0.0004 0.00044 
AlC 0.00031 0.00032 
B-P-G test 8.809 8.633 
[degree of freedom] [8] [ 10] 




Table 3.3: Cross-sectional Results for Growth (1970-85) with Ageing Variables 
(continued) 
^ — — — 
Dependent variable Average growth Average growth Average growth Average growth 
(1970-85) (1970-85) (1970-85) (1970-85) 
Per capita income in -0.00933 -0.00798 -0.01288 -0.01239 
1970 (-4.964) (-5.135) (-4.951) (-5.092) 
Government -0.22748 -0.19213 -0.2288 -0.1933 
consumption (-5.017) (-4.586) (-4.826) (-4.235) 
Revolutions and -0.02993 -0.02616 -0.03097 -0.02313 
coups (-2.829) (-2.628) (-2.615) (-2.098) 
Assassinations -0.00621 -0.00777 -0.0053 -0.00651 
(-1.146) (-1.455) (-0.9286) (-1.154) 
Index for market -0.01101 -0.01099 -0.01062 -0.00973 
distortions (-1.911) (-2.014) (-1.18) (-1.212) 
Log(life expectancy) 0.0297 0.04748 0.04212 0.06706 
(1.398) (2.708) (1.732) (3.247) 
Aged population ratio 0.19199 0.21138 0.18159 0.20205 
(2.072) (2.33) (1.798) (2.065) 
Total schooling years 0.00288 0.00234 
(1970) (1.578) (1.23) 
Primary pupil-teacher -0.01983 -0.0376 
ratio (1970) (-0.7622) (-1.577) 
Secondary pupil- 0.03432 0.0358 
teacher ratio (1970) (0.9901) (1.067) 
Primary expenditure 0.02315 0.02511 
(1970) (2.328) (2.543) 
Secondary -0.0015 -0 .00014 
expenditure (1970) (-0.2949) ( -0 .03146) 
Constant -0.0707 -0.13592 -0.11667 -0.2196 
(-0.8137) (-1.844) (-1.187) ( -2 .613) 
Adjusted R^ 0.47384 0.44533 0.48101 0.44841 
SC 0.00047 0.00044 0.00047 0.00045 
AlC 0.00034 0.00033 0.00033 0 .00033 
B-P-G test 10.785 13.484 9.597 9.203 
[degree of freedom] [10] [9] [10] [9] 
Number of 79 89 67 75 
observations 
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Table 3.3: Cross-sectional Results for Growth (1970-85) with Ageing Variables 
(continued) 
~ ^ ~ -
Dependent variable Average growth Average growth Average growth A w r a g e growth 
(1970-85) (1970-85) (1970-85) (1970-85) 
Per capita income in -0.01033 -0.00856 -0.0083 -0 .00814 
1970 (-5.529) (-5.248) (-2.939) (-3.77) 
Government -0.24813 -0.196 -0 .19912 -0.17543 
consumption (-4.888) (-4.139) (-2.656) ( -2 .478) 
Revolutions and -0.03845 -0.02848 -0.04637 -0 .04169 
coups (-3.037) (-2.407) (-2.495) ( -2 .332) 
Assassinations -0.00301 -0.00603 -0 .00506 -0.00531 
(-0.5127) (-1.044) ( -0 .7053) ( -0 .7676) 
Index for market -0.00958 -0.01093 -0.01247 -0 .00859 
distortions (-1.051) (-1.316) (-1.52) ( -1 .134) 
Log(life expectancy) 0.03135 0.07125 0.05447 0 .0659 
(1.154) (3.457) (1.305) (1 .969) 
Aged population ratio 0.16357 0.20462 0.16055 0 .15396 
(1.59) (2.042) (1.238) (1.208) 
Total schooling years 0.00371 0.0001 
(1970) (1.847) (0 .03827) 
Primary expenditure 0.11056 0.0801 1 
to GDP (1970) (1.913) (1.74) 
Secondary expend- -0.00117 0.0008 
iture to GDP (1970) (-0.1718) (0.2694) 
Primary repetition -0.0353 -0 .04009 
rate (1970) ( -0 .6633) ( -0 .7863) 
Secondary repetition -0.06403 -0 .05467 
rate (1970) ( -0 .9883) ( -0 .8791) 
Constant -0.08417 -0 .24642 -0.15175 -0.20241 
(-0.7564) (-2.913) (-0.8737) ( -1 .424) 
Adjusted R^ 0.47097 0.42763 0.46743 0 .45257 
SC 0.00049 0.00048 0.00063 0 .00057 
AIC 0.00034 0.00035 0.0004 0 .00038 
B-P-G test 1 1.259 11.939 11.23 丨2.775 
[degree of freedom] [10] [9] [10] [9] 
Number of 66 74 41 45 
observations 
< - - • - • • - - • I • • I I I .  
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Table 3.3: Cross-sectional Results for Growth (1970-85) with Ageing Variables 
(continued) 
Dependent variable Average growth (1970-85) Average growth (1970-85) 
Per capita income in -0.0095 -0.00802 
1970 (-5.257) (-5.191) 
Government -0.22177 -0.18101 
consumption (-4.81) (-4.25) 
Revolutions and -0.03359 -0.026 
coups (-2.956) (-2.47) 
Assassinations -0.00546 -0.00746 
(-0.9988) (-1.381) 
Index for market -0.01064 -0.01058 
distortions (-1.83) (-1.90) 
Log(life expectancy) 0.02735 0.05024 
(1.222) (2.718) 
Aged population ratio 0.16849 0.21583 
(1.69) (2.25) 
Total schooling years 0.00315 
(1970) (1.719) 
Drop-out rate (1970) -0.00447 -0.00736 
(-0.3786) (-0.6711) 
Constant -0.05873 -0.15213 
(-0.6389) (-1.985) 
Adjusted R? 0.47632 0.43747 
SC 0.00046 0.00044 
AlC 0.00034 0.00034 
B-P-G test 9.439 7.349 
[degree of freedom] [9] [8] 




Table 3.5: Cross-sectional Results for Physical Capital Investment (continued) 
— ^ ^ s j ^ ‘ ^ 
Dependent variable Average Average Average Average Average Average 
primary secondary primary secondary primary secondary 
enrollment enrollment enrollment enrollment enrollment enrollment 
ratio (1960- ratio (1960- ratio (1970- ratio (1970- ratio (1970- ratio (1970-
85) 85) 85)* 85)* 85)** 85)** 
Per capita income in -0.0245 0 .00099 
1960 (-1.711) (0 .08526) 
Per capita income in -0 .02639 -0.00497 -0 .01484 0 .00464 
1970 (-2.06) ( -0 .5005) ( -1 .104) (0 .4768) 
Government -0 .28075 -0.12556 -0.48951 -0 .15708 -0 .04004 0 .09856 
consumption (-0 .9754) (-0.5321) (-1.556) ( -0 .6412) ( -0 .1194) (0 .4088) 
Revolutions and -0 .02519 -0.0325 -0.07667 -0 .02842 -0.07931 -0 .02437 
coups (-0.3648) (-0.5731) (-1.024) ( -0 .4858) ( -0 .8979) ( -0 .3785) 
Assassinations 0 .02356 0.00376 0.02566 0.00236 0.03203 0 .00246 
(0.6621) (0.1291) (0.6744) (0 .07974) (0 .7675) (0 .08003) 
Index for market 0.03811 0.04377 0.03405 0 .04355 0.00483 0 .01187 
distortions (0.999) (1.408) (0.8318) (1.37) (0 .1174) (0 .3988) 
Log(life expectancy) 0.98853 0.43061 0.87385 0.47973 0 .98293 0 .50069 
(7.37) (3.888) (5.969) (4.163) (5 .717) (4 .054) 
八ged population ratio -0.39101 1.9788 -0.87063 1.9154 -0 .99745 1.8261 
(-0.6923) (4.277) (-1.353) (3.81) ( -1 .525) (3 .885) 
Total schooling years 0 .01882 0.0361 
(1960) (1.706) (3.996) 
Total schooling years 0.01908 0.04475 0 .00142 0 .04358 
(1970) (1.568) (4 .714) (0 .1127) (4 .757) 
Constant -3 .1299 -1.6051 -2.5427 -1 .7596 -2 .9912 -1.8861 
(-5.74) (-3.558) (-4.303) ( -3 .777) ( -4 .303) ( -3 .774) 
Adjusted R^ 0.70639 0 .85516 0 .58082 0.87163 0.52951 0.90101 
SC 0.01901 0.0126 0 .02199 0.01323 0 .02068 0 .01046 
A l C 0.01463 0.00968 0.01695 0.01017 0 .01548 0.00781 
B-P-G test 10.33 7.969 13.663 7.484 11.48 12.58 
[degree of freedom] [8] [8] [8] [8] [8] [8] 
Number of 83 82 84 83 70 69 
observations 
Notes: * from data of Barro (1991); ** from data of World Table (1995); Numbers in 
the parentheses are t-ratios. 
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Table 3.5: Cross-sectional Results for Physical Capital Investment 
Dependent variable Average investment Average investment Average investment Average investment 
ratio (1960-85)* ratio (1960-85)* ratio (1960-85)** ratio (1960-85)** 
Per capita income in -0.00578 -0.00954 -0.00132 -0.00089 
1960 (-0.9242) (-1.462) (-0.2434) (-0.156) 
Per capita income in 
1970 
Government -0.17569 -0.04497 -0.18971 -0.00518 
consumption (-1.448) (-0.3427) (-1.792) (-0.04309) 
Revolutions and -0.07302 -0.0437 -0.08295 -0 .05156 
coups (-2.381) (-1.388) (-3.09) (-1.835) 
Assassinations -0.00074 -0.0133 -0.00181 -0.01227 
(-0.04563) (-0.8195) (-0.1271) (-0.8664) 
Index for market -0.0592 -0.05533 -0.01728 . 0.01703 
distortions (-3.295) (-3.181) (-1.099) ( - l . ! 2 4 ) 
Log(life expectancy) 0.14669 0.19473 
(2.399) (3.067) 
Aged population ratio 0.33367 -0.11966 
(1.296) (-0.5248) 
Total schooling years 0.01749 0.00981 0.0041 -0 .00219 
(1960) (4.059) (1.95) (1.059) (-0.4899) 
Total schooling years 
(1970) 
Constant 0.17947 -0.42495 0.25436 -0 .54166 
(8.661) (-1.709) (13.27) (-2.085) 
Adjusted R" 0.4855 0.53262 0.25022 0.32838 
SC 0.00392 0.00395 0.00291 0.00293 
AlC 0.00321 0.00304 0.00235 0 .00222 
B-P-G test 7.869 6.612 6.109 4.693 
[degree of freedom] [6] [8] [6] [8] 
Number of 85 83 77 75 
observations  
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Table 3.5: Cross-sectional Results for Physical Capital Investment (continued) 
~ - ^ ^ 
Dependent variable Average investment Average investment Average investment Average investment 
ratio (1970-85)* ratio ()970-85)* ratio (1970-85)** ratio (1970-85)** 
Per capita income in 0.00177 -0.00121 -0.00007 0.00246 
1970 (0.3488) (-0.2077) (-0.01307) (0.4261) 
Government -0.22476 -0.09954 -0.21752 -0.01704 
consumption (-1.666) (-0.6964) (-1.595) (-0.1223) 
Revolutions and -0.06749 -0.04029 -0.09418 -0.05998 
coups (-2.004) (-1.184) (-2.772) (-1.809) 
Assassinations -0.01109 -0.0226 -0.00365 -0.0157 
(-0.6313) (-1.307) (-0.2017) (-0.9116) 
Index for market -0.06086 -0.05401 -0.03265 -0.02757 
distortions (-3.169) (-2.903) (-1.674) (-1.513) 
Log(life expectancy) 0.1943 0.25545 
(2.92) (3.905) 
Aged population ratio 0.06779 -0.392 
(0.2317) (-1.35) 
Total schooling years 0.00956 0.0031 0.00057 -0.00798 
(1970) (2.14) (0.5606) (0.1242) (-1.447) 
Constant 0.19664 -0.58731 0.28304 -0.74152 
(8.345) (-2.187) (11.74) (-2.811) 
Adjusted R^ 0.41213 0.47077 0.16513 0.29927 
SC 0.00454 0.00454 0.00463 0.00433 
AIC 0.00372 0.0035 0.00377 0.00332 
B-P-G test 4.619 6.052 7.893 7.376 
[degree of freedom] [6] [8] [6] [8] 
Number of 86 84 83 81 
observations 
Notes: * from data of Barro (1991); ** from data of World Table (1995); N u m b e r r m 
the parentheses are t-ratios. 
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Table 3.6: Cross-sectional Results for Fertility 
^ ^ ~ ~ 
Dependent variable Average fertility Average fertility Average fertility Average fertility 
(1967-87)** (1967-87)** (1965-85)* (1965-85)* 
Per capita income in -0.05801 0.08768 -0.07709 0.10035 
1960 (-0.5951) (1.124) (-0.7857) (1.283) 
Government 5.4596 2.4633 3.8817 1.7385 
consumption (2.886) (1.571) (2.039) (1.105) 
Revolutions and 0.97314 0.09014 0.85208 0.09888 
coups (2.035) (0.2396) (1.771) (0.2619) 
Assassinations -0.29446 0.03824 -0.29767 -0.00575 
(-1.159) (0.1973) (-1.164) ( -0 .02958) 
Index for market 0.17733 0.12551 0.1 1659 0.07494 
distortions (0.6327) (0.6035) (0.4136) (0.3595) 
Log(life expectancy) -2.9689 -1.8872 
(-4.053) (-2.574) 
Aged population ratio -18.362 -21.893 
(-5.957) (-7.092) 
Total schooling years -0.4005 -0.15053 -0.36856 -0.14576 
(1960) (-5.943) (-2.494) (-5.453) (-2.417) 
Constant 4.80070 17.354 5.0979 13.336 
(14.78) (5.833) (15.68) (4.475) 
Adjusted R^ 0.70284 0.83616 0.66111 0.81423 
SC 0.95404 0.56554 0.96515 0 .56792 
AIC 0.7791 0.43425 0.78928 0.43689 
B-P-G test 4.233 11.001 3.16 9.775 
[degree of freedom] [6] [8] [6] [8] 
Number of 84 82 85 83 
observations 
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Table 3.6: Cross-sectional Results for Fertility (continued) 
~ ~ ~ 
Dependent variable Average fertility Average fertility Average fertility Average fenility 
(1967-87)** (1967-87)** (1965-85)* (1965-85)* 
Per capita income in -0.12298 0.04933 -0.15086 0.04684 
1970 (-1.742) (0.7531) (-2.124) (0.7111) 
Government 3.1779 1.9499 1.6053 1.1776 
consumption (1.694) (1.212) (0.8513) (0.7280) 
Revolutions and 0.6368 0.02685 0.51053 0.02463 
coups (1.361) (0.07012) (1.084) (0.06399) 
Assassinations -0.18984 0.06326 -0.19165 0.02355 
(-0.778) (0.3252) (-0.7802) (0.1204) 
Index for market 0.28838 0.16786 0.2267 0.12108 
distortions (1.08) (0.8014) (0.8443) (0.5753) 
Log(life expectancy) -3.045 -2.0022 
(-4.062) (-2.66) 
Aged population ratio -17.652 -21.209 
(-5.353) (-6.408) 
Total schooling years -0.34911 -0.14945 -0.30433 -0.13143 
(1970) (-5.623) (-2.40) (-4.872) (-2.10) 
Constant 5.2982 17.787 5.5717 13.916 
(16.09) (5.882) (16.91) (4.581) 
Adjusted r2 0.73443 0.8375 0.69518 0.81369 
SC 0.8772 0.57663 0.88687 0.58136 
AIC 0.71736 0.4436 0.72627 0 .44806 
B-P-G test 4.398 13.031 2.596 10.432 
[degree of freedom] [6] [8] [6] [8] 
Number of 85 83 86 84 
observations 
Notes: * from data of Barro (1991); from data of World Table (1995); N u m b ^ m 
the parentheses are t-ratios. 
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Table 3.7: Cross-sectional Results for Growth with Regional Dummies 
— ~ — 
Dependent variable Average growth (1960-85) Average growth ( 1 9 7 0 ^ 5 ) A v ' e i ^ 
Per capita income in -0.00832 
1960 (-5.909) 
Per capita income in -0.00734 -0.00807 
1970 (-5.107) ( -4 .835) 
Government -0.13938 -0.16679 -0 .16269 
consumption (-4.841) (-4.344) ( -3 .859) 
Revolutions and -0.02408 -0.02905 -0 .02192 
coups (-3.43) (-3.099) ( -2 .161) 
Assassinations -0.00067 -0.00379 -0 .00527 
(-0.1827) (-0.7826) ( -1 .095) 
Index for market -0.0049 -0.00966 -0 .01064 
distortions (-1.191) (-1.784) ( -1 .973) 
Log(life expectancy) 0 .04729 
(2.078) 
Aged population ratio 0.0553 
(0 .5706) 
Total schooling years 0.00438 
(1960) (4.467) 
Total schooling years 0.00427 0 .00245 
(1970) (3.433) (1.561) 
Siib-Saharan Africa -0.01251 -0.01971 -0.01 H I 
(-2.705) (-3.251) ( -1 .624) 
East Asia -0.00053 -0.00212 0.00061 
(-0.1025) (-0.3034) (0 .08343) 
Latin America -0.01183 -0.01947 -0 .01854 
(-3.273) (-4.052) ( -3 .208) 
Constant 0 .04902 0.05398 -0 .13863 
(10.02) (7.8) ( -1 .503) 
Adjusted r2 0.56042 0.5214 0.54891 
SC 0.00022 0.00037 0 .00039 
AIC 0.00016 0.00028 0 .00028 
B-P-G test 10.081 11.295 丨7.452 
[degree of freedom] [9] [9] [11] 
Number of 85 86 84 
‘ observations 
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Table 3.8: Cross-sectional Results for Growth (Rich and Poor Countries Samples) 
— — ^ 8l n 
Dependent variable Average growth Average growth Average growth Average growth—— 
(1960-85) (1960-85) (1970-85) (1970-85) 
Per capita income in -0.00733 -0.01237 
1960 (-4.084) (-1.705) 
Per capita income in -0.00587 -0.00249 
1970 (-2.988) (-0.187) 
Government -0.16592 -0.17423 -0.2021 -0.21939 
consumption (-3.51) (-4.51 1) (-3.78) (-3.193) 
Revolutions and -0.05403 -0.02643 -0.05285 -0.03772 
coups (-3.21) (-2.972) (-2.336) (-3.073) 
Assassinations 0.00678 -0.00184 0.00024 -0.00248 
(1.156) (-0.2776) (0.0301 1) ( -0.2586) 
Index for market 0.00653 -0.00701 -0.00152 -0.01252 
distortions (0.6356) (-1.395) (-0.1073) (-1.794) 
Total schooling years 0.00323 0.00829 
( I960) (2.486) (4.313) 
Total schooling years 0.00365 0.00788 
(1970) (2.209) (2.43) 
Constant 0.05138 0.04238 0.04844 0.03982 
(6.704) (5.185) (4.646) (2.883) 
Adjusted r2 0.4944 0.49491 0.29813 0.48053 
SC 0.00024 0.00026 0.0005 0.00049 
AlC 0.00018 0.0002 0.00038 0.00036 
B-P-G test 5.797 4.713 7.188 4 .262 
[degree of freedom] [6] [6] [6] [6] 
Number of 37 48 49 37 
observations (Rich sample with (Poor sample with (Rich sample with (Poor sample with  
G D P � 1 . 5 k) GDP<1.5k) GDP>l .5k) GDP< 1.5k) 
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Table 3.8: Cross-sectional Results for Growth (Rich and Poor Countries Samples) 
(continued) 
83 84 E E 
[Dependent variable Average growth Average growth Average growth Average growth 
(1970-85) (1970-85) (1970-85) (1970-85) 
Per capita income in -0.00863 -0.00476 -0.01017 -0 .03437 
1970 (-3.817) (-0.3148) (-5.716) ( -1 .173) 
Government -0.22401 -0.20889 -0 .24084 -0 .16096 
consumption (-3.893) (-2.867) (-4.917) ( -1 .612) 
Revolutions and -0.04633 -0.03486 -0.02384 -0 .03215 
coups (-2.192) (-2.65) (-1.917) ( -1 .37) 
Assassinations -0.00306 -0.00241 -0.0082 -0 .00655 
(-0.4101) (-0.257) (-1.562) ( -0 .2618) 
Index for market -0.00068 -0.00942 0.00483 -0 .01434 
distortions (-0.04696) (-1.313) (0.4927) ( -1 .407) 
Log(life expectancy) 0.03389 0.00431 0.0195 0 .01535 
(0.7098) (0.1024) (0.4868) (0 .2642) 
Aged population ratio 0.22503 1.2768 0.24015 1.0658 
(2.07) (1.787) (2.457) (0 .9851) 
Total schooling years 0.00205 0.00705 0 .00316 0 .00973 
(1970) (1.011) (1.886) (1.866) (1.04) 
Constant -0.09 -0.01685 -0.0269 丨 -0 .04573 
(-0.454) (-0.1081) ( -0 .1623) ( -0 .219) 
Adjusted r2 0.43216 0.50926 0 .48109 0 .24009 
SC 0.00047 0.00053 0.00039 0 .00082 
AIC 0.00033 0.00036 0.00029 0 .00053 
B-P-G test 丨0.77 9.628 7.471 8.674 
[degree of freedom] [8] [8] [8] [8] 
Number of 47 37 59 25 
observations (Rich sample with (Poor sample with (Rich sample with (Poor sample with  
GDP>1.5k) GDP<1.5k) G D P � I k) G D P < l k ) 
* 
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Table 3.9: Cross-sectional Results for Human Capital (Rich and Poor Countries 
Samples) 
— — — Q^ 
iJependent variable Average secondary Average secondary Average secondary Average secondary 
enrollment ratio enrollment ratio enrollment ratio enrollment ratio 
(1970-85)* (1970-85)* (1970-85)** (1970-85)** 
Per capita income in -0 .00316 0.12428 0 .01189 0 .08239 
1970 (-0.2366) (1.453) (1.002) (0 .763) 
Government -0 .07362 -0.46325 0 .10844 -0.12471 
consumption (-0.2116) (-1.123) (0 .3769) ( -0 .2671) 
Revolutions and -0 .15324 -0.04987 -0 .15073 0 .03932 
coups (-1.212) (-0.67) ( -1 .394) (0 .4378) 
Assassinations 0 .02967 -0.01613 0 .01068 0 .01353 
(0.6725) (-0.3042) (0 .2768) (0 .1547) 
Index for market 0.03773 0.08387 -0 .06187 0 .03925 
distortions (0.4448) (2.066) ( -0 .8333) (0 .9666) 
Log(life expectancy) 0.46518 0.0208 0 .48314 -0.1021 
(1.505) (0 .08744) (1.62) ( -0 .3027) 
八ged population ratio 1.9381 7.0165 1.7968 8 .7934 
(3.029) (1.735) (3 .437) (1 .962) 
Total schooling years 0 .03889 0.0673 0 .03285 0 .08003 
(1970) (3.183) (3.182) (3 .033) (3 .008) 
Constant -1.6781 -0 .20752 -1.7771 0 .15975 
(-1.304) (-0.2353) ( -1 .436) (0 .1281) 
Adjusted r2 0.80338 0.61896 0 .85637 0.65131 
SC 0.0162 0.01687 0 .0106 0 .0155 
A l C 0 .01132 0.0114 0 .00725 0 .01014 
B-P-G test 6 .764 9.907 5.727 7.136 
[degree of freedom] [8] [8] [8] [8] 
Number of 46 (Rich sample 37 (Poor sample 40 (Rich sample 29 (Poor sample 
observations with GDH>1.5k) with GDP<1.5k) with GDP> 丨.5k) with GDP<1.5k) 
100 
Table 3.9: Cross-sectional Results for Human Capital (Rich and Poor Countries 
Samples) (continued) 
- — — ^ 
Dependent variable Average secondary Average secondary Average secondary Average secondary" 
enrollment ratio enrollment ratio enrollment ratio enrollment ratio 
(1970-85)* (1970-85)* (1970-85)** (1970-85)** 
Per capita income in -0.00652 0.1488 0.00509 0.06703 
1970 (-0.5419) (1.606) (0.4498) (0.4811) 
Government -0.08703 -0.56349 0.1311 -0.33938 
consumption (-0.2565) (-1.785) (0.4277) (-0.7132) 
Revolutions and -0.08533 0.05452 -0.07299 0.0502 
coups (-0.9681) (0.7349) (-0.7773) (0.4922) 
Assassinations 0.00786 0.00988 0.01418 -0.04905 
(0.2191) (0.1249) (0.3778) (-0.5078) 
Index for market 0.03997 0.06637 0.00288 0.02528 
distortions (0.6025) (2.06) (0.047) (0.5735) 
Log(life expectancy) 0.33843 0.00129 0.33028 0.01995 
(1.147) (0.00703) (1.079) (0.05398) 
Aged population ratio 2.0237 6.9664 1.9036 7.6981 
(3.058) (2.037) (3.255) (1.489) 
Total schooling years 0.04508 0.06643 0.04383 0.06743 
(1970) (3.848) (2.244) (4.084) (1.662) 
Constant -1.1634 -0.15691 -1.1721 -0.22221 
(-0.9506) (-0.2377) (-0.9272) (-0.1646) 
Adjusted R2 0.77572 0.43718 0.82074 0.70317 
SC 0.01802 0.00824 0.01354 0.01272 
AIC 0.01309 0.00532 0.00956 0.00813 
B-P-G test 4.972 11.396 9.819 4.534 
[degree of fi-eedom] [8] [8] [8] [8] 
Number of 58 25 49 20 
observations (Rich sample with (Poor sample with (Rich sample with (Poor sample with 
GDP>lk) GDP<lk) G D P > l k ) G D P < l k ) 
Notes: * from data of Barro (1991); ** from data of World Table (1995); Numbers in 
the parentheses are t-ratios. 
( 
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Table 4: Basic Statistics (Panel Data) 
Variables N Mean S.D. Variance Minimum Maximum 
G r o ^ T f l 0.01546 0.00337 五 28705 0.181 i T 一 
Real per capita 272 4.64730 6.325 40.005 0.16007 30.712 
income 
Investment ratio 272 0.23954 0.07105 0.00505 -0.05864 0.52688 
Government 272 0.15688 0.06618 0.00438 0.05552 0.41476 
consumption ratio 
Terms of trade index 272 1.211 0.30162 0.09098 0.655 2.811 
Growth of the terms 272 -0.01697 0.13078 0.0171 -0.3281 0.50807 
of trade 
Primary enrollment 272 0.89695 0.23306 0.05432 0.16 1.2 
ratio 
Secondary enrollment 272 0.46313 0.29812 0.08888 0.02 1.05 
ratio 
Log(life expectancy) 272 4.0497 0.20637 0.04259 3.5775 4.3139 
Aged population ratio 272 0.05364 0.03471 0.0012 0.01705 0.14112 
Population 272 28.852 83.366 6950 0.31185 688.86 
Population growth 272 0.02176 0.01807 0.00033 -0.00079 0.14983 
rate 
Dependency ratio 272 0.77013 0.17788 0.03164 0.4258 1.1498 
Infant mortality rate 272 79.284 51.243 2625.9 10 194.6 
4 
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Table 5.1: Panel Results for Growth 
1 2 3 “ 4 5 6 
Dependent v^ b l e Growth Growth Growth Growth Growth Growth"一 
Real per capita -0.00193 -0.00094 -0.00219 -0.00191 -0.00176 -0.00175 
income (-3.355) (-2.629) (-3.72) (-3.33) (-2.992) (-2.974) 
Government -0.00916 0.00265 -0.00817 -0.00987 -0.01239 -0.0127 
consumption ratio (-0.287) (0.0781) (-0.2991) (-0.3014) (-0.388(-0.3882) 
Growth of the terms 0.02367 0.01901 0.02682 0.02376 0.02177 0.02184 
of trade (2.592) (2.02) (3.337) (2.6) (2.323) (2.328) 
Population -0.000 -0.000 
(-0.109) (-0.06604) 
Population growth 0.18641 0.18804 
rate (0.7618) (0.7664) 
Primary enrollment 0.01339 0.03661 0.01345 0.01196 0.01 195 
ratio (1.189) (3.56) (1.193) (1.039) (1.037) 
Secondary enrollment 0.03532 0.0481 1 0.03496 0.03906 0.03892 
ratio (2.816) (4.318) (2.781) (2.79) (2.765) 
Constant -0.00006 -0.01004 0.00698 0.00019 -0.00444 -0.00435 
(-0.00545) (-0.8842) (0.9945) (0.0172) (-0.3691) (-0.3522) 
Biise R^  0.0919 0.0723 0.1095 0.0918 0.0885 0.0884 
S C 1.1113 1.0789 1.0853 1.1344 1.1248 1.148 
A l C 1.0264 1.0097 1.0157 1.0338 1.0251 1.0325 
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Table 5.1: Panel Results for Growth (continued) 
- - 9 10 n V2 
Dependent variable Growth Growth Growth Growth Growth Growth 
Real per capita -0.00251 -0.00241 -0.00195 -0.00237 -0 .00292 -0 .00283 
income (-4.908) (-4.908) (-3.308) (-3.335) ( -4 .476) ( -4 .243) 
Government 0 .03122 0.02925 -0.03357 -0 .01292 0 .01716 0 .00675 
consumption ratio (1.053) (1.148) (-1.141) ( -0 .4758) (0 .5427) (0 .2414) 
Growth of the terms 0.02416 0.02454 0.02711 0.02913 0.02741 0 .02838 
of trade (2.728) (2.929) (3.292) (3.898) (3.297) (3 .629) 
Primary enrollment 0 .00796 0 .02869 0 .00932 
ratio (0.8054) (3.107) (0 .8895) 
Secondary enrollment -0.0034 0.02958 -0 .00604 
ratio (-0.251) (2.974) ( -0 .3939) 
Log(丨ife expectancy) 0 .07359 0.08326 0 .05876 0 .07477 
(4.606) (4.22) (3 .209) (3 .544) 
Aged population ratio 0 .27546 0.21657 0 .17897 0.15891 
(3.291) (2.508) (2 .204) (1 .983) 
Constant -0 .27922 -0 .30969 -0.00877 0 .00479 -0 .22659 -0 .27713 
(-4.531) (-4.104) (-0.7996) (0 .6365) ( -3 .267) ( -3 .449) 
Buse R^ 0.1356 0.1487 0.1252 0.1214 0 .1524 0 .1699 
SC 1.1154 1.1142 1.0977 1.0997 1.1207 1.1172 
AlC 1.0301 1.029 1.0138 1.0156 1.0214 1.0182 
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Table 5.1: Panel Results for Growth (continued) 
13 14 15 16 i? H 
Dependent variable Growth Growth Growth Growth Growth Growth 
Real per capita -0.00285 -0.00321 -0.00143 -0.00225 -0.00225 -0.00257 
income (-5.154) (-5.283) (-3.375) (-3.929) (-4.083) (-4.395) 
Government 0.00329 0.00337 0.0251 0.00815 0.00425 0.00412 
consumption ratio (0.1016) (0.1236) (0.7223) (0.2867) (0.1446) (0.1546) 
Growth of the terms 0.02346 0.02466 0.0197 0.0256 0.02441 0.02738 
of trade (2.466) (2.846) (2.094) (3.108) (2.728) (3.345) 
Primary enrollment 0.02193 0.01639 0.01097 
ratio (2.408) (1.337) (1.079) 
Secondary enrollment 0.02106 0.0348 0.01494 
ratio (1.891) (2.517) (0.9686) 
Dependency ratio -0.09836 -0.09348 
(-4.8) (-4.5) 
Crude death rate -0.0015 -0.00091 
(-2.416) (-1.564) 
Infant mortality rate -0.00025 -0.00023 
(-3.807) (-2.796) 
Constant 0.08615 0.09274 0.02709 0.02394 0.03872 0.04185 
(4.542) (4.946) (1.508) (1.837) (2.706) (2.936) 
Biise R- 0.1726 0.1704 0.0864 0.1154 0.11 0.1279 
SC 1.0989 1.0968 1.1048 1.1076 1.1107 1.1068 
AlC 1.0149 1.0129 1.0203 1.0229 1.0258 1.0222 
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Table 5.2: Panel Results for Human Capital Investment 
19 20 21 — 22 
D^p^dent variable Secondary Secondary Secondary Secondary 
enrollment ratio enrollment ratio enrollment ratio enrollment ratio 
Real per capita 0.02859 0.00963 0.01845 0.00742 
income (17.22) (10.28) (9.355) (6.794) 
Government 0.24959 0.38427 -0.04974 0.18775 
consumption ratio (3.147) (6.909) (-0.8835) (3.298) 
Growth of the terms 0.00024 -0.00891 0.0197 -0.00376 
of trade (0.03642) (-1.842) (2.112) (-0.8227) 
Log(life expectancy) 1.1062 0.96945 
(81.99) (44.43) 
Aged population ratio 4.7112 1.7119 
(19.51) (9.386) 
Constant 0.28711 -4.1216 0,13577 -3.6155 
(24.3) (-77.86) (12.37) (-42.5) 
BiiseR2 0.5806 0.9731 0.7881 0.9771 
SC 0.96641 1.0855 1.0377 1.0987 
AIC 0.9165 1.0159 0.97113 1.0147 
< 
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Table 5.3: Panel Results for Physical Capital Investment 
24 ^ 26 27 
DepTend^t variable Physical Physical Physical Physical Physical 
Investment Investment Investment Investment Investment 
Real per capita -0.00078 -0.00047 0.00072 -0.00007 -0 .00036 
income (-1.211) (-0.8276) (1.239) ( -0 .1095) ( -0 .4333) 
Government 0.12257 0.18317 0.19182 0.23128 0 .17869 
consumption ratio (3.256) (4.588) (4.891) (5.145) (3.828) 
Growth of the terms 0.00615 0.00345 0.00136 -0.00083 0.00088 
of trade (0.5565) (0.3136) (0.1293) (-0.0801) (0 .08354) 
Secondary enrollment 0.0309 0 .04662 
ratio (2.931) (1.705) 
Log(life expectancy) 0.038 0.07831 0 .04793 
(2.232) (3.837) (1.414) 
Aged population ratio -0 .15619 -0.3599 -0.47331 
(-1.895) ( -2 .743) ( -3 .097) 
Constant 0.2082 0.05761 0.21545 -0 .09544 0 .01939 
(52.49) (0.8369) (36.79) ( -1 .214) (0 .1498) 
Buse R^ 0.1855 0.1223 0.12580 0.1443 0.1191 
SC 1.0671 1.0722 1.0765 1.0892 丨.0915 
AIC 0.99869 1.0034 1.0075 1.0059 0 .99475 
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Table 5.4: Panel Results for Fertility 
— ^ 30 3 l ~ “ 
Dep&nde—^^ TN/irEbTe— NetTeTtUit^RVte l ^ r p ^ U i t y Rate— — NerFSFtTEy—I^ a—t—e "Net Fertility Rate 
Real per capita -0.14084 -0.06513 -0.00456 0.00367 
income (-12.03) (-6.824) (-0.6832) (0.6206) 
Government -0.11393 -0.05056 0.58422 0.15506 
consumption ratio (-0.484) (-0.2633) (2.898) (0.8024) 
Growth of the terms -0.02698 -0.02087 0.00653 -0.0007 
of trade (-0.4759) (-0.3493) (0.2605) (-0.02068) 
Log(life expectancy) -4.0699 -2.3786 
(-25.41) (-15.47) 
Aged population ratio -38.673 -29.19 
(-31.19) (-23.15) 
Constant 5.3454 21.209 6.5939 15.655 
(153.9) (33.99) (1 15.3) (26.89) 
Buse R- 0.3541 0.8427 0.9801 0.9682 
SC 0.98186 0.98632 1.078 1.0962 
AlC 0.93115 0.92306 1.0088 1.0124 
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Table 5.5: Panel Results for Growth with Time Dummies 
32 yi M 35 ‘ 36 
Dependent variable Growth Growth Growth Growth Growth 
Real per capita -0.00153 -0.00099 -0.00196 -0.00293 -0.00261 
income (-3.321) (-3.433) (-3.78) (-5.44) (-4.646) 
Government -0.01617 0.01189 -0.01813 0.01392 -0.00002 
consumption ratio (-0.5399) (0.3933) (-0.6144) (0.4779) (-0.00091) 
Growth of the terms 0.02847 0.02556 0.03023 0.03079 0.03036 
of trade (3.356) (2.966) (4.006) (3.968) (4.086) 
Primary enrollment 0.02635 0.04204 0.01012 
ratio (2.589) (4.742) (0.9484) 
Secondary enrollment 0.02277 0.04387 -0.0139 
ratio (2.325) (4.511) (-1.054) 
Log(life expectancy) 0.06236 0.08705 
(3.174) (4.449) 
Aged population ratio 0.18225 0.1279 
(2.392) (1.712) 
Time Dummy (1978) 0.00047 0.001 -0.00041 0.00017 -0.00061 
(0.2395) (0.5383) (-0.2146) (0.0862) (-0.3157) 
Time Dummy (1979) -0.01092 -0.01127 -0.00978 -0.0102 -0.01002 
(-4.522) (-4.869) (-3.924) (-4.255) (-4.074) 
Time Dummy (1980) -0.01809 -0.01866 -0.01732 -0.01795 -0.01848 
(-6.671) (-7.163) (-6.386) (-6.929) (-7.214) 
Constant 0.00097 -0.00983 0.01657 -0.23534 -0.31353 
(0.09939) (-1.006) (2.597) (-3.237) (-4.204) 
Buse R^ 0.2927 0.312 0.2758 0.3691 0.3755 
SC 1.1208 1.0926 1.1019 1.1176 1.1101 
AIC 0.99479 0.98266 0.99103 0.97888 0.97231 
f 
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Table 5.6: Panel Results for Growth with Regional Dummies 
Dependent variable Growth Growth Growth Growth Growth 
Real per capita -0.00222 -0.0018 -0.00259 -0.00277 -0.00278 
income (-4.226) (-6.32) (-4.87) (-3.725) (-3.787) 
Government 0.01183 0.0103 0.00741 -0.01041 -0.00933 
consumption ratio (0.3726) (0.3224) (0.2539) (-0.3149) (-0.3321) 
Growth of the terms 0.01438 0.01535 0.02388 0.0253 0.02682 
of trade (1.614) (1.881) (2.828) (2.899) (3.176) 
Primary enrollment 0.01964 0.02191 0.01948 
ratio (1.864) (2.162) (1.852) 
Secondary enrollment 0.00869 0.02429 -0.00946 
ratio (0.8573) (1.973) (-0.5665) 
Log(life expectancy) 0.01752 0.05402 
(0.7983) (1.998) 
Aged population ratio 0.丨 860 丨 0.15683 
(1.963) (1.747) 
Sub-Saharan Africa -0.02691 -0.0266 -0.02623 -0.0174 -0.01429 
(-5.454) (-5.422) (-4.059) (-2.182) (-1.628) 
East Asia 0.00582 0.0069 0.00619 0.01093 0.01 182 
(1.125) (1.364) (0.9887) (1.841) (1.917) 
Latin America -0.0237 丨 -0.02221 -0.02256 -0.01903 -0.01731 
(-3.795) (-3.57) (-3.753) (-2.989) (-2.56) 
Constant 0.01616 0.01593 0.02934 -0.05788 -0.18248 
(1.56) (1.514) (4.063) (-0.6797) (-1.721) 
BiiseR2 0.3169 0.2931 0.232 0.2427 0.2238 
SC 1.1686 1.1517 1.1403 1.1799 1.1726 
AIC 1.0372 1.0358 1.0256 1.0334 1.027 
110 
Table 5.7: Panel Results for Growth (Rich and Poor Countries Samples) 
— ^ ^ 45 ^ ^ 
Dependent variable Growth Growth Growth Growth Growth Growth 
Real per capita -0.00193 -0.03252 -0.00178 -0.03443 -0.00314 -0.02882 
income (-3.192) (-4.037) (-3.513) (-5.043) (-4.399) (-3.803) 
Government 0.12246 -0.15078 0.12937 -0.14867 0.08946 -0.07725 
consumption ratio (2.864) (-4.422) (2.915) (-4.138) (2.008) (-2.163) 
Growth of the terms -0.00588 0.03239 -0.00965 0.03297 0.02165 0.0356 
of trade (-0.2963) (4.964) (-0.4964) (4.923) (1.205) (3.664) 
Primary enrollment 0.16095 0.04226 0.17101 0.03556 
ratio (2.687) (3.384) (2.887) (3.646) 
Secondary enrollment 0.0026 -0.0166 0.03363 0.04707 
ratio (0.1132) (-0.7892) (1.422) (2.868) 
Constant -0.14703 0.02852 -0.15892 0.03082 0.01358 0.03347 
(-2.08) (2.655) (-2.369) (3.115) (0.771) (3.745) 
BuseR2 0.2209 0.411 0.2024 0.365 0.1847 0.1864 
SC 1.1558 1.1843 1.0861 1.1502 1.1308 1.153 
AIC 1.0054 1.0511 0.96704 1.0413 1.0068 1.0438 
Number of 120 152 120 152 120 152 
observations (Rich sample (Poor sample (Rich sample (Poor sample (Rich sample (Poor sample 
with with with with with with 
GDP>1.5k) GDP<1.5k) GDP>1.5k) GDP<1.5k) G D P � 1 . 5 k ) GDP<1.5k) 
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Table 5.7: Panel Results for Growth (Rich and Poor Countries Samples) 
(continued) 
^ — - — — 
Dependent variable Growth Growth Growth Growth Growth Growth 
Real per capita -0.00204 -0.02859 -0.00294 -0.02368 -0.0034 -0 .00525 
income (-2.764) (-4.499) (-3.433) (-3.266) (-4.025) ( -0 .3325) 
Government 0.10761 -0.06021 0.07594 -0.02986 0 .15526 -0.12631 
consumption ratio (2.388) (-1.327) (1.16) ( -0 .7415) (3.342) ( -2 .766) 
Growth of the terms -0.00394 0.03528 0.01983 0.03478 0.03504 0 .03867 
of trade (-0.1912) (4.459) (1.099) (3.353) (3.935) (1.84) 
Primary enrollment 0.16143 0.01703 
ratio (2.737) (1.505) 
Secondary enrollment 0.00681 -0.00801 0.03538 -0 .04299 
ratio (0.2277) (-0.3357) (1.423) ( -1 .742) 
Log(life expectancy) 0.0375 0.03434 0.03906 0.06148 0 .03302 0 .09092 
(0.3775) (1.923) (0.3693) (2.379) (0.6657) (3 .247) 
Aged population ratio -0.01711 1.2098 -0.02603 1.2391 0 .09498 0 .7566 
(-0.1682) (2.608) (-0.2721) (2.753) (1.248) (1.344) 
Constant -0.29925 -0.14367 -0.12768 -0 .24219 -0 .14695 -0 .32628 
(-0.712) (-2.112) (-0.296) (-2.494) ( -0 .7549) ( -3 .192) 
Buse R^ 0.2311 0.3747 0.1729 0.364 0 .2249 0 .3059 
SC 1.1753 1.2417 1.1916 1.2357 1.1928 1.2863 
AIC 0.99892 丨.0803 1.0128 1.0751 1.0426 1.0853 
Number of 120 152 120 152 160 112 
observations (Rich sample (Poor sample (Rich sample (Poor sample (Rich sample (Poor sample 
with with with with with with  
GDP>1.5k) GDP<1.5k) GDP>1.5k) GDP<1.5k) G D P > l k ) G D P < l k ) 
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Table 5.8: Panel Results for Human Capital (Rich and Poor Countries Samples) 
~ ^ ^ ^ 
Dependent variable Secondary Secondary Secondary Secondary 
enrollment ratio enrollment ratio enrollment ratio enrollment ratio 
Real per capita 0.00409 0.02047 0 .00639 0 .03602 
income (3.134) (1.446) (4.483) (1.759) 
Government 0.44945 0.06463 0.53857 -0.1423 
consumption ratio (2.953) (1.045) (5.148) ( -2 .745) 
Growth of the terms -0.03614 0.01739 -0.01474 0 .01038 
of trade (-2.033) (1.868) (-1.329) (0.98) 
Log(life expectancy) 丨.7875 0.88951 1.1991 0 .82585 
(11.43) (18.45) (15.9) (16.21) 
Aged population ratio 0.30687 2.0237 1.0527 -0 .20274 
(0.9781) (2.785) (3.881) ( -0 .2493) 
Constant -6.9683 -3.2967 -4.5803 -2.9601 
(-10.92) (-19.11) ( -14.96) ( -15.19) 
Biise 丨l2 0.8861 0.8994 0.932 0 .7436 
SC 1.1913 1.1888 1.1801 丨.2038 
AIC 1.0363 1.0551 1.0515 1.0407 
Number of 120 (Rich Sample 152 (Poor Sample 160 (Rich Sample 112 (Poor Sample 
observations with GDP>1.5k) with GDP<1.5k) with G D P > l k ) with G D P < l k ) 
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Appendix 1: Definitions of Variables in Tables 1 to 3 (continued) 
Variable Definition 
Average growth (1960- Growth rate of real per capita GDP from 1960 to 1985, 1970lo 
85, 1970-85) 1985 
Per capita income in Real per capita GDP in 1960, 1970 (1980 base year) 
1960，1970 
Average investment ratio Ratio of real domestic investment (private plus public) to real 
(1960-85, 1970-85) GDP, average from 1960 to 1985, 1970 to 1985 
Government Ratio of real government consumption (exclusive of defense 
consumption and education) to real GDP, average from 1970 to 1985 
Revolutions and coups Number of revolutions and coups per year from 1960 to 1985 
Assassinations Number of assassinations per million population per year from 
1960 to 1985 
Index for market Magnitude of the deviation of 1960 PPP value for the 
distortions investment deflator (U.S.= 1) from the sample mean 
Log(life expectancy ) Log of the life expectancy at birth, average from 1967 to 1987 
Aged population ratio Ratio of population of age 65 or above to total population, 
average from 1970 to 1985 
Average primary Primary school enrollment ratio, average from 1960 to 1985， enrollment ratio (1960- 1970 to 1985 
85， 1970-85) 
Average secondary Secondary school enrollment ratio, average from 1960 to 1985, enrollment ratio (1960- 1970 to 1985 
85， 1970-85) 
Primary enrollment ratio Primary school enrollment ratio in 1960, 1970 
(1960, 1970) 
Secondary enrollment Secondary school enrollment ratio in 1960, 1970 ratio (1960, 1970) 
Total schooling years Average schooling years in total population of age 25 or above (1960,1970) in 1960,1970 
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Appendix 1: Definitions of Variables in Tables 1 to 3 (continued) 
Variable Definition 
Primary schooling years Average years of primary schooling in total population of age (1960，1970) 25 or above in 1960, 1970 
Secondary schooling Average years of secondary schooling in total population of 
years (1960，1970) age 25 or above in 1960, 1970 
Tertiary schooling years Average years of tertiary schooling in total population of age (1960, 1970) 25 or above in 1960, 1970 
Primary pupil-teacher Pupil-teacher ratio at primary school in 1960, 1970 (xO.Ol) ratio (1960, 1970) ‘ 
Secondary pupil-teacher Pupil-teacher ratio at secondary school in 1960, 1970 (xO.Ol) 
ratio (1960, 1970) 
Primary expenditure Real government current educational expenditure per pupil at 
(1960，1970) primary school (PPP-adjusted 1985 international dollars) in 1960，1970 (in thousands dollars) 
Secondary expenditure Real government current educational expenditure per pupil at 
(1960, 1970) secondary school (PPP-adjusted 1985 international dollars) in 
I960, 1970 (in thousands dollars) 
Primary expenditure to Ratio of primary expenditure to real per capita GDP in 1960, 
GDP (1960, 1970) 1970 
Secondary expenditure to Ratio of secondary expenditure to real per capita GDP in 1960, 
GDP (1960’ 1970) 1970 
Teacher's salary (1960， Average real salary of primary school teachers (PPP- adjusted 
1970) 1985 international dollars) in 1960, 1970 (in thousands dollars) 
Teacher's salary to GDP Ratio of teacher's salary to real per capita GDP in 1960, 1970 
(1960, 1970) (xO.l) 
School days per year Number of school days per year at primary school (xO.OOl) 
School hours per year Number of school hours per year at primary school (xO.OOl) 
Primary repetition rate Repetition rate at primary school in 1970 
(1970) 
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Appendix 1: Definitions of Variables in Tables 1 to 3 (continued) 
Variable Definition  
Secondary repetition rate Repetition rate at secondary school in 1970 
(1970) 
Drop-out rate (1970) Drop-out rate at primary school in 1970 
Average fertility (1965- Net fertility rale, average from 1965 to 1985, 1967 to 1987 
85， 1967-87) 
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Appendix 2: Regression Method of the Panel Data 
Consider the following regression equation: 
K = A ; + +••• + P k X “ �k + ~ for / = 1 ’ ...’ M / = 1，…，r 
where there are N cross-sections and T time periods. Y“ is the dependent variable and 
A,"丨s are the K independent variables, y^'s are unknown parameters and e“ is a random 
error. 
The pooling technique used in the regression of panel data is described in Kmenta (1986, 
section 12.2，pp.616-25). This is a cross-sectionally heteroskedastic and timewise 
autoregressive model with the following assumptions: 
E{£l) = a j heteroskedasticity 
) = 0 for /• ^ j \ cross-section independence 
L�丨‘ Pi£i i_i aiitoregression 
and E(v^,) = 0,E(vl)=伞“，E(v"v") 二 0 for i ^J,五(v"v,、）= 0 for t ^s, and 
Generalized least squares (GLS) procedure is used in the estimation oi p. It can be 
summarized into the following steps. 
Step 1: Estimate p by OLS and obtain estimated residuals e丨, 
Step 2: Compute the estimates of p., p. as follows: 
y Q Q 
which are the sample coefficients of correlation between e-, and e . . This can ensure 
the values of the estimated autoregresive parameters in the interval [-1, +1]. 
Step 3: Transform the observations by using the p. 's , that is: 
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Appendix 2: Regression Method of the Panel Data (continued) 
where 7； = - ^ l - p f Y , f o r r = l 
欣 M for/ = 2,3，…，r 
and Xl’k = f b r , 二 1 
K , k = A〜厂从卜丨乂 f o r广 2， 3’...， r 
k — 1，2^ ，. •’ K 
and apply OLS to the transformed model. The purpose here is to obtain an 
asymptotically nonautoregressive estimates of cr/. The estimates of the variances of v.,, 
k are: 
- 1 ‘ » 
where v* is the resulting OLS regression residuals. 
Since 伞丨丨 二 oj (1 - p f ) , cr) can be estimated by 
；2 k 
l - A 
2 , A . 八 
which is a consistent estimate of <t, (since is a consistent estimator of p . , and cj)丨丨 is 
a consistent estimator of (j)“). 
A Step 4: Obtain the GLS estimator by using the consistent estimate of Q, , where 
_cr 丨V丨 0 ... 0 
0 a^V … 0 Q == E(e£ ' ) . In this model, C l= ^ ^ ^ 
• • . 
L � 0 ... alV,_ 
‘ 1 Pi pf … P ' r — 
1 T-2 p 1 p … p . 
where V , = : 尸' "‘： 
r-\ T-2 T-?> 1 
_pi Pi Pi ••• 1 
The Buse R^ from Buse (1973) is reported as a measure of goodness-of-fit: 
^ — — w i t h / ) 二 
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where7 is an TV' x 1 vector of ones. The expression Y - D 7 transforms the observations to 
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